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#  201C 

Audio 

Oscillator 


^  Audio, 

telemetry 

and 

low  frequency 
oscillators 


Pictured  here  are  six  of  the  most  widely  used  oscillators 
in  electronics.  All  employ  the  highly  stable,  dependable, 
accurate  resistance-capacity  circuit.  They  require  no  zero 
setting.  Output  is  constant,  distortion  is  low  and  frequency 
range  is  wide.  Scales  are  logarithmic  for  easy  reading;  all 
are  compact,  rugged  and  broadly  useful  basic  instruments. 
Brief  specifications  are  given  below;  call  your  ($)  rep  for 
demonstration  or  write  direct  for  complete  data  on  any 
instrument. 


#  200AB 
Audio  Oscillator 


’Internal  impedance  is  600  ohms.  Frequency  and  distortion  unaffected  by  load  resistance. 
Balanced  output  with  amplitude  control  at  100  Use  line  matching  transformer  for  other  con¬ 
trol  settings.  "Internal  impedance  approiimately  600  ohms  with  output  attenuator  at  10  db 
or  more.  Approximately  75  ohms  below  5000  cps  with  attenuator  at  zero,  flnternal,  non-op¬ 
erating  controls  permit  precise  calibration  of  each  band.  tO.5%,  50  cps  to  20  KC  at  1  watt 
output.  1.0%  over  full  range  at  3  watts  output.  §0.5%,  10  cps  to  100  KC.  1.0%,  5  to  10  cps. 
2.0%  at  2  cps.  3.0%  at  1  cps.  HMeasured  with  respect  to  full  rated  output. 

HEWLETT-PACKARD  COMPANY 

1015A  Page  Mill  Road  •  Palo  Alio,  California,  U.S.A. 

Coble  “HEWPACK"  •  DAvenport  5-4451 
Hewlett-Packard  S.A.,  Rue  du  Vieux  Billard  No.  1,  Geneva,  Switzerland 
Coble  “HEWPACKSA"  •  Tel.  No.  (022)  26.  43.  36 

Fiald  representatives  in  all  principal  areas  C03S 


200T 

Telemetry 

Oscillator 


^  202C 

Low  Frequency 
Oscillator 


$  200CD 
Wide  Range 
Oscillator 


Interpolation 

Oscillator 


Model 

Frequency 

Range 

Cali¬ 

bration 

Accuracy 

Output  to 
600  Ohms 

Recom¬ 

mended 

Lead 

Maximum 

Distortion 

Max.  Hum 
t  Noise  11 

Input 

Power 

Price 

200AB 

20  cps  to 
40  KC 
(4  bands) 

±2% 

1  vvatt 
(24.5  V) 

600  ohms 

1%  20  cps 
to  20  KC 
2%  20  KC 
to40  KC 

0.05% 

65 

watts 

$150.00 

20OC0 

5  cps  to 
600  KC 
(5  bands) 

±2% 

160  mw 
10  volts 

600  ohms* 

0.5%  below 
500  KC 

1%  500  KC 
and  above 

0.1% 

75 

watts 

$170.00 

2001 

6  cps  to 

6  KC 
(6  bands) 

±l%t 

160  mw 
10  volts 

600  ohms* 

0.5% 

0.1% 

100 

watts 

$300.00 

200T 

250  cps  to 
100  KC 
(5  bands) 

±l%t 

160  mw 
10  volts 

600  ohms* 

0.5% 

0.03% 

100 

watts 

$450.00 

201C 

20  cps  to 
20  KC 
(3  bands) 

±l%t 

3  watts 
(42.5  V) 

600  ohms 

0.5%J 

0.03% 

75 

watts 

$225.00 

202C 

1  cps  to 
100  KC 
(5  bands) 

±2% 

160  mw 
10  volts 

600  ohms* 

0.5%§ 

_ 

0.1% 

75 

watts 

_ 

$300.00 
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SINGLE  TURN  SINE-COSINE  LINEAR  MOTION  PRESSURE  rnMMiiTATniic 
POTS _ POTS  I  POTS  TRANSDUCERS 


•  VIRTUALLY  INFINITE  RESOLUTION 

lliminotvt  ••rvo  hunting 

•  LONG  LIFE  AT  HIGH  SPEEDS 

10,000,000  ru volutions— 500  rpm 

EXCLUSIVE  PEAtURES: 

•  NON-LINEAR  OUTPUTS 

No  Tapping  and  Shunting 

•  DUAL  GANG— SINGLE  GANG 

SAMI  CASI  SlZil 

SAMI  STARTING  TORQUE! 

SAMI  INERTIA! 

•  ONE  PIECE  THROUGH  SHAFT 

Rot  fits  anywhmrm  in  your  goor  train 

•  ONE  PIECE,  ALL  METAL  CASE 

Machinod-ln,  Stay«Rut  Accuracy 


This  miniature  multi-turn  precision  film 
pot  is  not  just  better  than  wire-wound 
types— it  brings  o  new  dimension  of  per¬ 
formance  and  flexibility  to  your  system. 
With  SuperCon  Film  pots  you  con  for¬ 
get  about  the  obsolete  concepts  of  .wire 
resolution,  clumsy  tapping  and  shunt¬ 
ing  to  produce  non-linear  outputs, 
bulkiness  in  ganging,  and  loose-wire, 
glued-ossembly  construction.  The  ball¬ 
bearing  supported,  one-piece  through 
shaft  permits  you  to  locate  your  pot 
anywhere  in  the  gear  train,  freeing  you 
to  select  the  optimum  ratios  with  the 
minimum  components,  to  transmit 
torque  through  the  pot,  to  miniaturize 
even  more.  SuperCon  Film  pots  hove 
the  inherent  accuracy  and  reliability 
to  easily  meet  your  requirements. 


CIC  is  the  largest  manufacturer  of  Precision  Film  Poten- 
tiometers,  having  pioneered  in  their  development,  with  a 
10-year  record  of  supply  to  all  branches  of  the  Armed 
Services  and  throughout  industry.  Our  staff  of  technical 
specialists  is  ready  to  assist  you  with  your  potentiometer 
needs. 


92  Madison  Avenue,  Hempstead,  L.  I.,  N.  Y. 


COMPUTER  INSTRUMCNTS  CORPORATION 


Write  for  our  catalog. 


HRST  IN  HLM  POTS 


CIRCLE  2  ON  READER  SERVICE  CARD 


CIRCLE  3  ON  READER  SERVICE  CARD  > 


What  you  should  know  about 


WVER  the  years  Kennedy  has  expanded  its  facilities  to 
meet  the  needs  of  the  antenna  industry  .  .  .  and  today  pro¬ 
vides  a  complete  field  engineering  service  geared  to  solve 
the  complex  problems  of  antenna  systems  installation. 

This  service,  conducted  by  thoroughly  exjierienced 
Kennedy  field  engineers  and  technicians,  includes  site 
selection  assembly,  erection,  trouble  shooting  and  checkout, 
customer  liasion,  and  on-the-job  training  for  systems  per¬ 
sonnel  in  operation  and  maintenance. 

An  important  fact  is  underlined  here:  that  Kennedy 
capability  in  antenna  systems  is  total  capability. 


ANTENNA  EQUIPMENT 


IVrsf  Coast  AffUiatf  .  .  . 

SATELLITE  KENNEOV.INC.  of  CALIFORNIA 
P.U.  Box  /7/7.  MooUrry,  California  -  FRontlor  3>24ei 
Doum-to-tarth  SOLUTIONS  to  out-oj-thit-wmld  PROBLEMS 
TrmcKIng  AntennM-RadIo  TolMcopo*- Radar  Antannaa 
“Trana-Horizon”  Antannaa-Tropoapharle  Scattar 
lonoaphafie  Scattar 
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MILITARY  DYNAMICS.  Never  before  has  our  industry  needed  to 
be  so  alert  to  trends  and  shifts  in  emphasis.  The  international  sit¬ 
uation  is  changing  rapidly.  This,  coupled  with  rising  costs  and  closer 
scrutiny  of  defense  expenditures,  could  add  up  to  a  tight  situation. 
How  to  act  intelligently  in  such  a  period  and  come  out  on  top  is 
a  management  challenge  of  the  first  magnitude. 

In  the  backwash  of  the  Khrushchev  visit  the  concept  of  cold  war, 
or  at  least  its  strategy,  could  change  overnight.  A  major  technical 
breakthrough  could  outdate  one,  two  or  more  of  our  major  weapons 
systems. 

Even  a  relatively  minor  development  could  wipe  out  a  subsystem 
representing  $100  million  of  business. 

Now  as  never  before,  timely  and  accurate  knowledge  is  the  key 
to  success  and  indeed,  even  survival. 

To  serve  the  electronics  business  community  in  times  like  these 
takes  not  only  national  news  coverage  of  our  indu.stry  but  also  judg¬ 
ment  of  editors  with  long  experience  in  the  industry. 

Sometimes,  at  a  crucial  turn  in  the  road,  intelligent  coverage 
requires  going  to  the  top,  asking  the  right  questions  of  the  right 
people.  That’s  what  Associate  Editor  Mason  did  last  week.  He  spent 
the  week  in  Washington;  searching,  probing,  trying  to  find  a  road 
map  for  industry. 

His  story  on  p  46  tells  some  of  the  things  you  can  expect  to  see  and 
should  not  expect  to  see  during  the  months  to  come. 

Coming  In  Our  October  23  Issue  ... 

MODERN  COMMUNICATIONS  SYSTEMS.  Not  too  long  ago,  what 
was  called  the  electronics  industry  was  in  reality  the  communications 
industry.  Since  then,  the  technology  has  expanded  to  include  control, 
computers,  radar  and  the  countless  other  areas  of  science  which  rely 
on  electronics.  These  developments  have  somewhat  overshadowed 
the  substantial  progress  being  made  in  communications — progress 
made  possible  by  exciting  breakthroughs  in  theoretical  and  practical 
concepts. 

Next  week,  Associate  Editor  Weber’s  special  report  describes  some 
of  these  new  breakthroughs,  which  are  helping  to  overcome  the 
immense  problems  imposed  by  today’s  demands  on  world  communi¬ 
cations  systems.  You’ll  learn  how  economic,  political,  military  and 
sociological  considerations  are  increasing  message  traffic  density 
beyond  the  capacity  of  existing  facilities  and  how  communications 
engineers  are  exploiting  new  mechanisms  of  propagation,  new  modu¬ 
lation  schemes,  new  methods  of  transmission  and  detection  to  over¬ 
come  the  various  obstacles  imposed  by  natural  and  manmade  inter¬ 
ference. 

You’ll  discover  how  the  concepts  of  information  theory  are  being 
incorporated  into  working  systems  and  you’ll  be  projected  into  the 
immediate  future  with  design  details  of  communications  satellite 
programs  now  moving  into  the  hardware  stage.  You  won’t  want  to 
miss  this  comprehensive  report  which  was  almost  a  year  in  prep¬ 
aration. 

ALPHANUMERIC  GENERATOR.  A  system  for  generating  alpha¬ 
numeric  characters  and  special  symbols  for  display  on  a  cathode-ray 
tube  is  described  by  S.  C.  Chao  of  Link  Aviation,  Inc.  in  Palo  Alto, 
Cal.  The  characters  are  generated  by  bombarding  the  ert  screen  with 
a  predetermined  sequence  of  overlapping  dots,  which  are  positioned 
by  step  deflection  voltages  derived  from  resistor  summing  networks. 
System  offers  high  speed  and  readability. 
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SMALL 

PLACES 


A  complete  line  of  low  power 
and  space-saving  tubes,., 
available  in  practically 
any  size  you  specify 


Low-powered  enough  to  operate  directly 
from  transistor  outputs,  small  enough  for  any 
space-hungry  application,  yet  provides  extra- 
high  light  output  for  use  in  high  altitudes  or  any 
high-ambient  light  level.  The  low  grid-drive  and 
heater  requirements  of  these  tubes  economize  on 
space  and  weight  by  eliminating  bulky  accessory 
power  equipment.  Potted  bases  and  high-voltage 
connectors,  plus  rugged  construction,  permit  the 
utmost  performance  over  wide  temperature 
ranges  and  in  the  toughest  of  environmental  con¬ 
ditions.  Infinite  in  available  sizes,  shapes  and 
ratings,  infinite  in  capabilities. 

Write  for  complete  technical  details 


*  Designed  for  transistor  operation 

*  Low  grid  drive 

*  Low  heater  voltage 
High  light  output 

*  Excellent  for  high  altitudes 

*  Eliminates  bulky  power  equipment 

*  Compact  and  rugged 

*  Potted  base  for  operation  in  all  environments 

*  Resistant  to  thermal  shock 

*  Available  in  virtually  all  standard  sizes 


:  UVITIUni  precision  electronics  is  our  business 

ELECTRONIC  TUBES  INDUSTRIAL  TV  MILITARY  ELECTRONICS  MOBILE  COMMUNICATIONS  SCIENTIFIC  INSTRUMENTS  AUTOMOTIVE  TEST  EQUIPMENT 


ALLEN  B.  DU  MONT  LABORATORIES,  INC.,  CLIFTON,  N.  J..  U.  S.  A. 

INTERNATIONAL  DIVISION  •  515  MADISON  AVENUE,  NEW  YORK  22,  N.  Y.  •  CABLES:  ALBEEDU,  NEW  YORK 
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3090  S.W.  37th  AVENUE 


MIAMI  33.  FLORIDA 


AEROCOM'S  1046  H.F.  TRANSMIHER 


003%  STABILITY 


1000  WAHS 


Rugged,  versatile  general  purpose  H.  F. 
transmitter— Aerocom’s  1046  packs  lOOOwatts 
of  power  and  high  .003%  stability  under 
normal  operating  conditions  (0®to  +  50“C.). 
Excellent  for  point-to-point  or  ground-to* 
air  communications. 

Multi-channel  operation  on  telegraph  Al, 
or  telephone  A3  with  GM-8A  modulator . . . 
new  Aerocom  1046  can  be  remotely  controlled 
with  TMC-R  at  control  position  and  uses  only 
one  pair  of  telephone  lines.  In  A3  operation, 
the  local  dial  control  panel  is  located  in 
modulator  cabinet. 

Transmitter  cabinet  has  inch  panel 
space  available  for  either  local  dial  control 
panel  or  frequency  shift  keyer. 


Model  1 046  operates  on  4  crystal-controlled 
frequencies  (plus  2  closely  spaced  frequen¬ 
cies)  in  the  band  2.0—24  Mcs.  Operates  on 
one  frequency  at  a  time;  channeling  time 
2  seconds.  Operates  into  either  balanced  or 
unbalanced  loads.  Operates  in  ambient  -35” 
to-l-50°  C.  Power  supply:  nominal  220  volts, 
50-60  cycles,  single  phase. 

Complete  technical  data  on  request 


Now!  Complete-package,  192  channel,  H.  F., 
75  pound  airborne  communications  equipment 
by  Aer-O-Com!  Write  us  today  for  details! 
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CIRCLE  7  ON  READER  SERVICE  CARO-V 


•  EXCEPTIONAL  REGULATION  -  BETTER  THAN  0.1%  WITH 
A  10%  FLUCTUATION  OF  PRIMARY  POWER. 


LOW  RIPPLE. 


BUILT-IN  FOCUS,  FILAMENT  AND  MAGNET  SUPPLIES. 


•  RF  INSULATION  TECHNIQUES  INCORPORATED  TO 
MINIMIZE  PICK-UP  AND  CORONA  NOISE. 


Q  rXR  Model  7.R iOA  0  f  \'K  Model  /S ? / ,  1  0  /  \R  Model  Z/v >2.1 

•0»oI2KV  •OlolOKV  -OtolSKV 

•  ISO  MA  •  250  MA  •  I  ^MP 

•  Ripple,  4  MV  •  Ripple,  5  MV  «  Ripple,  5  MV 


•  Ripple,  5  MV 


^  Newest  representotives  of  FXR's 
rommerdol  line  of  hioh-voltooe 


shown  here,  FXR  Model  Z850A 


DESIGS  •  DEl'El.OPMF.ST  •  MASUEACTURE 


^  pioneers  in  the  design  and 
manufacture  of  custom  and  standard  * 
high-power  pulse  modulators. 


PRICIStON 

microwave 

equipment 


HIdMPOWER 

modulators 


RADAR 

components 


electronTic 

TEST 

EQUIPMENT 


HlGH-VOLTAGE  REGULATED 
POWER  SUPPLIES* 


■ 


I- 


■  Actual  pliDtoaraplis' 

()1  [xmcc  supply 
tiirii-oii  at  2Sv  sctliiia.' 

•  Scope  settings:  5v  per  cm 
\  i  rtical,  l).2  see.  per  cm 
'  liori/oiital. 


rilANSISrOR  KILLKR:  1  HE  VOLl  ACiE  SPIKE...  j 

’  '  .  ■  •'i 


n 

/  1 

1 

P 

m 

■ 

i 

r 

« 

f 

-  : 

• 

i ; 

■j 

•  r 

PAMEI)  n\  iNEWHHRKIN  M  PR  DC  POWER  SI  PPLIES 


The  voltage  .spike  in  the  top  photo  could  destroy  the 
transistors  in  your  circuit  in  microseconds.  This  one  hap¬ 
pens  to  be  a  "turn-on”  transient— one  of  several  treach- 
♦■rous,  instantaneous  overshoots  encountered  in  the  every¬ 
day  use  of  dc  supplies.  For  complete  protection  against 
line  and  load  transients,  use  new  Perkin  MTR  power 


supplies.  Combining  the  best  two  .solid-state  regulation  principles,  they 
use  magnetic  amplifiers  for  high  efficiency  and  transi.stbrs  for  instan¬ 
taneous  regulation  and  low  ripple.  Made  without  tulx's  or  moving 
parts,  they  give  you  long,  trouble-free  service.  They’re  itleal  for 
continuous-duty  and  unattended  operation.  Perkin  MTH  units 
sustain  shorts  .“md  overloads  indefinitely  without  suffering  internal 
damage  or  shcMrting  spikes  into  the  load.  After  shorts,  they  resume 
normal  operation  automatically.  And  their  protection  is  constant . . . 
even  if  an  internal  transistor  fails,  your  Perkin  MTR  power  supplv 
continttes  to  regulate  smoothly  and  safelv! 


PERKIN  /  MTR  REGULATED  LOW-VOLTAGE  DC  POWER  SUPPLIES 


prompt  delivery 


Model 

D.C.  Output 

Static  Regulation  ^ 

D^'namic 

Regulation 

A.C.  Input 
60  CPS 

Ripple 

No. 

Volts 

Amps 

Line 

Load 

Linel 

Loadf f 

\’olts  Phase 

RMS 

MTR060-1  A 

0-60 

1 

±  lOMV 

±25MV 

±  lOMV 

±  .2V 

95-135 

1 

2MV 

MTR060-5  A 

0-60 

5 

±  lOMV 

±25MV 

±  lOMV 

±  .3V 

95-135 

1 

2MV 

MTR036-5 

0-36 

5 

±10MV 

±  lOMV 

±  lOMV 

±  .2V 

105-125 

1 

IMV 

MTR036-15 

0-36 

15 

±10MV 

±  lOMV 

±  lOMV 

.2V 

105-125 

1 

IMV 

MTR6;36-15 

6-36 

15 

±25MV 

±50MV 

±25MV 

±.75V 

105-125 

1 

5MV 

MTR636-30 

6-36 

30 

±25MV 

±75MV 

±25MV 

;  ±.85V 

105-125 

1 

5MV 

MTR615-5 

6-15 

5 

±10MV 

±50MV 

±0.1% 

'  ±  .2V 

105-125 

1 

3MV 

MTR28-2 

24-32 

2 

±0.1% 

±0.1% 

±0.1% 

> 

ei 

+1 

105-125 

1 

5.MV 

MTR28-3 

24-32 

3 

±0.1% 

±0.1% 

±0.1% 

> 

CO 

+1 

105-125 

1 

5MV 

.\ITR28-5 

24-32 

5 

±0.1% 

±0.1% 

±0.1% 

,  ±  .3V 

105-125 

1 

5MV 

N!TR28-10 

24-32 

10 

±0.1% 

±0.1% 

±0.1% 

> 

+1 

105-125 

1 

2MV 

MTR28-30 

24-32 

30 

±0.1% 

±0.1% 

±0.1% 

1  ±  .5V 

105-125 

1 

5MV 

MTR28-100 

!  24-32 

100 

±0.1% 

±0.1% 

±0.5% 

i  ±2.0V 

J _ 

208/230/ 

1  460  ±  10% 

3 

20.MV 

\Fot20V  step  change  on  115V  nominal  input  units;  10%  step  change  on  Model  MTR  28-100 
f  f  For  changes  no  load  to  full  load  or  full  load  to  no  load.  On  fractional  load  changes,  specifications  are  improted. 

All  models  have  Automatic  Current  Limiting  protective  loads  and  shorts  can  be  sustained  indefinitely  without  damage 
circuitry  which  eliminates  fusing.  Voltage  and  current  are  to  the  power  supply.  All  units  available  standard  19*  rack  or 
automatically  reduced  to  a  safe  level  on  overloads  of  125%  cabinet  mount.  Dynamic  impedance  down  to  25  milliohms. 
rated  output  and  above,  including  dead  short  circuits.  Over- 

WRITE  FOR  COMPLETE  PERKIN  CATALOG  on  tubeless  power 
supplies  and  new  technical  article  on  dc  power  sources  for  transistorized 
circuits. 

©PERKIN 

ENGINEERING  CORPORATION 
345  Kansas  Street,  El  Segundo,  California  •  ORegon  8-7215 
New  England  Area  Office:  46  Amesbury  St.  •  Lawrence,  Mass.  •  MUrdock  3-3252 


SALES  REPRESENTATIVES 
Albuquerque,  N.M.— AMherst  8-1724 
Angola,  Ind.  — 217  &  8101-R 
Atlanta,  Ga.— BLackbum  5-6660 
Chicago,  Ill.— JUniper  8-0905 
Cleveland,  O.— REdwood  2-7444 
Dallas,  Tex.— FLeetwood  7-7080 


Dayton,  O.-CHapel  4-5551 
Denver,  Colo.— SUnset  1-7375 
Detroit,  Mich.— HOward  8-2461 
Indianapolis,  Ind.  —  STate  7-0009 
Kansas  City,  Mo.-HEdrick  2-2528 
Los  Angeles,  Calif.— Hollywood  9-7294 


Minneapolis,  Minn.— Midway  6-2621 
New  York  City,  N.Y.-DIgby  4-2997 
Orlando,  Fla.-CHerry  1-2128 
Philadelphia,  Pa.— WAlnut  7-1820 
Phoenix,  Ariz.  — WHitney  6-2111 
St.  Louis,  Mo.— PArkview  1-6403 


San  Diego,  Calif.— ATwater  3-2081 
San  Francisco,  Calif .— EMerson  9-3354 
Seattle,  Wash.— PArkway  3-9000 
Syracuse,  N.Y.— Gibson  6-0220 
Washington,  D.C.— JUniper  5-7550 
Agincourt,  Canada.— AXminster  3-7011 


i  H 

I  I 


TRANSFORMER 

RECTIFIER 


: 


•  ix^NSISTOR 
REGULATOR 


NEW  SOLID  STATE  REGULATION  PRINGIPLE: 
magnetic  amplifiers  for  efficiency  and  reliability,  transistors  for  fast  response 
Rugged  magnetic  amplifiers  provide  steady-state  regulation  of  line  and  load-  Fast-acting 
transistors  suppress  ripple  and  transients.  Because  the  transistors  function  only  during 
instantaneous  line  and  load  changes,  their  actual  use  is  held  to  a  minimum.  MTR  units 
thus  have  far  better  dynamic  regulation  than  magnetic  amplifier-regulated  power 
supplies  and  much  higher  reliability  than  fully  transistorized  supplies. 


in  H-F  Rotary  Power  Supplies 


AH  your  needs  for  dependable  High 
Frequency  Power  Supplies  can  be  found  at 
one  source— American  Electronics’ 
Electric  Machinery  &  Equipment  Division. 
Here  engineering  talent  and  manufacturing 
know-how  have  been  pioneering  new  Rotary 
Power  developments  for  over  a  decade. 


FIRST  to  introduce  a  brushless,  inductor  type  400  cycle 
generator.  Field  windings  are  cast  integrally  with  the  rotor. 
Windings  are  practically  indestructible. 


FIRST  to  furnish  1200  2? I  I 

cycle  generators  as  the  power  ? 

source  for  industrial  and  medical 
X-Ray  equipment  —  equipment 
recently  used  to  check  the  atomic  submarine 
Nautilus  for  perfection  of  hull  weldments  and  seams, 


Typical  Generator  for  H-F 
Industrial  Installations 


FIRST  to  meet  the  demands  of  the  aircraft  industry  for 
1600  cycle  power  to  check  out  airborne  computer  systems. 


Computer  Check-Out  Generator, 
400  and  1600  Cycle 


FIRST  to  provide  the  high  cycle  generator  as  the  power 
source  for  high  speed  routers  for  metal  working. 


Standard  2  Bearing  Generator 


FIRST  to  furnish  power  source  for  ultra  high  frequency 
lighting  systems  for  more  efficient  lighting  at  lower  cost. 

Write  or  call  for  our  new  Rotary  Power  brochure,  which  gives 
the  complete  story  on  these  and  other  power  supply  unity. 


AC-DC  Supply  for  Production 
Check-Out  Station 


ELECTRIC  MACHINERY  4  EQUIPMENT  DIVISION 

2112  north  CHICO  AVCNUE.  EL  MONTE,  CALIFORNIA  •  CUmbcrland  3-7151 
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BUSINESS  THIS  WEEK 


ELECTRONICS  NEWSLETTER 

I.UNIK  DATA  pieced  together  by  Electronics  dur¬ 
ing  the  first  few  days  after  the  Soviets  fired  their 
moon  station  into  orbit  suggests  the  possibility 
that  an  instrument  package  may  have  been  dropped 
on  the  moon.  The  orbiting  “interplanetary  stat¬ 
ion,”  as  the  Soviets  call  the  satellite,  could 
then  be  acting  as  a  relay  to  transmit  data  from 
the  far  side  of  the  moon  to  earth.  Next  week 
Electronics  will  publish  information  from  Mos¬ 
cow  and  England’s  Jodrell  Bank  Observatory  that 
lends  credence  to  this  theory. 

SATELLITE  MONITORING  CENTER  that  will  col¬ 
lect  data  for  three  military  satellite  projects  is 
scheduled  to  be  operational  before  June  1960. 
The  projects  are  Midas,  a  ballistic  missile  warn¬ 
ing  satellite  under  development  which  uses  in¬ 
frared;  Samos,  the  reconnaissance  satellite 
known  previously  as  Sentry;  and  the  Discoverer 
satellites,  forerunner  to  the  Mercury  man-in¬ 
space  project.  The  Development  Control  Center 
is  under  construction  at  Sunnyvale,  Calif.,  250  mi 
from  Vandenberg  AFB  and  site  of  prime  con¬ 
tractor  Lockheed’s  Missile  and  Space  division. 
Radiation,  Inc.  is  supplying  the  center’s  display 
system,  which  will  present  information  from  at 
least  five  tracking  stations.  Center  will  monitor 
any  signals  from  satellites  by  remote  control  and 
evaluate  them;  collect  tracking  data  from  round- 
the-world  stations  and  command  their  equip¬ 
ment;  receive  corrections,  program  data  to  satel¬ 
lites  and  plot  global  weather  and  satellite  posi¬ 
tions.  Closed  circuit  tv  will  connect  the  center  to 
the  Vandenberg  AFB  blockhouse. 

\  ideotape  reconler  with  one  revoltin/c  head  for  recording 
both  picture  and  found  it  announced  by  the  Japanete 
company  Tothiha  (Tokyo  Shihaura  Electric.)  Firm 
expectt  to  ttart  prmluction  of  the  machine  next  month 
and  tell  it  early  next  year. 

ACTIVE  COMM11NIC.4TIONS  SATELLITE  sy.stem 
of  1,000  channels  that  would  cover  ,S,000  land 
miles  is  “well  worth  pursuing.”  So  says  Dana 
VV’.  Atchley,  Jr.,  president  of  Microwave  Asso¬ 
ciates,  which  is  affiliated  with  Western  Union. 
He  .said  an  active  satellite  system  could  be  put 
into  use  by  1965  and  would  cost  at  least  $100 
million  to  develop.  Atchley  added  that  construc¬ 
tion  of  the  system  with  several  ground  terminals 
would  cost  about  $7  million,  which  figures  out  to 
about  $2.50  per  voice  channel  mile.  He  cited  a 
need  for  low-noise,  long-life  microwave  tubes  to 
operate  around  10,000  me,  thinks  one  key  receiver 
component  will  be  a  non-linear,  junction-type 
diode  (varactor). 

Radiometric  textant  miniaturized  tufficiently  to  he  in- 
ttalled  in  a  tubmarine  trill  he  developed  by  AC  S/nirk 
Plug  divition  of  CM  under  a  $489,734  ^avy  BuShipt 
contract. 

DIGITAL  READOUT  of  aircraft  identification 
codes  is  reported  possible  with  a  device  whose 
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security  wraps  have  just  been  taken  off  by  the 
Air  Force.  Device,  which  combines  optics  and 
electronics  to  identify  quickly  any  aircraft  indi¬ 
cated  on  a  radar  screen,  is  intended  primarily  for 
air  traffic  control.  It  was  developed  by  Radio 
Receptor’s  advanced  development  lab,  Westbury, 
L.  I.,  N.  Y. 

PASSIVE  BALLOON  SATELLITES  will  be  tested 
for  broadband  radiotelephone  relay  use  by  Bell 
Telephone  Laboratories  and  the  National  Aero¬ 
nautics  and  Space  Administration  after  an  ex¬ 
perimental  facility  is  completed  at  Bell’s  Holmdel, 
N.  J,  lab.  Signals  will  be  transmitted  and  re¬ 
ceived  by  the  Holmdel  station  and  NASA’s  Jet 
Propulsion  Laboratory  tracking  station.  Gold- 
stone,  Calif.  The  used  microwave  signals  will  be 
analyzed  to  obtain  data  on  transmission  effects 
and  the  reflection  characteristics  of  orbiting  pas¬ 
sive  satellites.  Bell  is  paying  about  80  percent 
of  the  cost  of  the  control  buildings  and  two  large 
antennas  at  Holmdel.  A  commercially  available 
dish  antenna  will  transmit  the  signals  and  a 
modified  Bell  horn  reflector  antenna  will  receive. 
Bell  says  a  pair  of  parametric  amplifiers,  or  a 
pair  of  masers,  or  one  of  each  will  be  used  in  the 
receiving  gear. 

LOW  LABOR  COSTS  for  Japanese  electronic  prod¬ 
ucts  .seem  to  be  a  two-edged  sword  for  U.S.  elec¬ 
tronics  firms.  Cost  factor  permits  competition 
with  certain  American-made  products  here  but 
also  allows  some  U.S.  re-exporters  to  compete  in 
Asian  and  European  markets  with  Japanese-made 
goods.  A  case  of  the  latter  is  reported  this  week 
from  Tokyo:  An  unidentified  U.S.  firm  flew  some 
8,500  Japanese-made  transistor  radios  valued  at 
$140,000  to  West  Germany  for  the  Christmas 
trade.  About  10,000  more  sets  will  be  shipped 
by  sea. 

Sign  of  the  timet  in  the  tteel  induttry:  Allegheny  Lud- 
lum.  Pitttburgh.  hat  inaugurated  a  formal  apprentice- 
thip  program  for  electronic  maintenance  men  which 
callt  for  I.OIH)  hourt  of  clattroom  and  lab  training  over 
four  yeart.  Program  hat  ertdred  from  the  tteel  com- 
pany't  interett  in  automatic  control  dericet  and  data 
logging  tyttemt  for  tteel  rtdling  equipment. 

RADIATION  TRACKING  TRANSDUCER  capable 
of  detecting  and  resolving  the  angular  position 
of  light  or  other  forms  of  radiation  at  angles  of 
motion  smaller  than  0.1  second  of  an  arc  has  been 
developed.  Electro-Optical  Systems,  Pasadena, 
Calif.,  reports  the  thin  semiconductor  device, 
developed  under  contract  from  the  Army  Ballistic 
Missile  Agency,  can  be  aimed  electrically.  This 
makes  complex  mechanical  apparatus  unneces¬ 
sary.  Besides  its  use  in  tracking  aircraft  or  other 
objects,  says  the  firm,  the  device  can  also  be  used 
by  the  Army  in  celestial  navigation  and  in  cer¬ 
tain  missile  and  satellite  applications. 

n 


DIODE 


per  dollcar 

-from  SYLVANIA 


In  Silicon  Junction,  Gold  Bonded,  and  Germa* 
nium  Point  Contact  types,  Sylvania’s  complete 
mechanization  assures  EXTRA  diode  uni¬ 
formity  and  quality  control— at  no  extra  cost. 

Sylvania  provides  the  design  engineer  with  as¬ 
surance  of  top-grade  performance  for  its  entire 
diode  line.  All  Sylvania  diodes  in  solder-sealed 
or  all-glass  packages  are  100%  tested  for  her¬ 
metic  seals  to  assure  maximum  protection  and 
reliability  in  any  application— and  particularly 
those  where  operating  conditions  are  most  severe. 

Sylvania  Silicon  Junction  Diodes  are  100% 
tested  on  curve  tracers  for  reverse  character¬ 
istics— to  eliminate  such  undesirable  factors  as 
soft  breakdown,  drift,  flutter  and  creep. 


IN459  A 
VOLTS 


A  significant  Sylvania  Extra  in  automated 
diode  quality  control  is  the  Sylvania-designed 
Digital  Automatic  Tester  and  Classifier.  Here 
each  unit  is  subjected  to  as  many  as  16  separate 
tests  that  can  be  programmed  for  an  almost 
infinite  variety  of  electrical  characteristics.  Ac¬ 
curacy  of  the  automatic  tester  has  proved  to  be 
better  than  0.5  percent  for  every  test. 

In  addition  to  100%  testing  programs,  all 
Sylvania  diodes,  through  scientific  sampling 
procedures,  are  thoroughly  tested  as  follows: 

Extended  Storage  and  Operating  Life  Tests 
—offer  an  extra  safety  factor,  as  they  go  beyond 
customer  specifications. 

Temperature  Cycling  Tests— ranging  from 
—65°  C  to  200°  C. 

Lead  Fatigue  Tests— assurance  of  optimum 
mechanical  stability. 

Thermal  Shock  Tests— assure  rugged  seals. 

All  of  these  mechanical  and  environmental  tests 
are  made  in  accordance  with  the  most  stringent 
specification  procedures— military  and  non¬ 
military.  In  some  cases,  such  as  temperature 
cycling,  the  Sylvania  limits  exceed  those  of 
the  specification. 


Reverse  characteristics  of  typical 
Sylvania  Silicon  Junction  Diodes 
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rOINT  CONTACT 


GOLD  lONDID 


1N126A 

1N127A 

1N128 


1N19I 

IN192 

1NI98 


IN270  IN283 
1N276  DII65 
1N279  D1248 
1N281 


SILICON  JUNCTION 

1N456>L  1N46M  IN482A8  1N486A8, 

1N457>  1N462>L  IN483AB  tN487> 

1N458>k  1N463>k  IN484AB  IN488> 

1N459>  1N464>k  1N485AB 


Sylvania’s  Digital  Automatic  Tester  and  Classifier— 
performs  up  to  16  separate  tests  for  each  diode  unit. 


For  the  complete  story  on  Sylvania  Silicon  Junction, 
Gold  Bonded  and  Point  Contact  diodes,  contact 
your  Sylvania  representative,  or  write  the  factory 
directly  at  the  address  below  for  a  free  copy  of  the 
new  Sylvania  16-page  diode  booklet. 


Write  for  your 
free  copy  of 
this  new  16-page 
Sylvania  Diode 
booklet. 


POPULAR  SYLVANIA  MORE-DIODE-PER-DOLLAR  TYPES 


Subsidiary  of 


GENERAL  TELEPHONE  &  ELECTRONICS 


Sylvania  Electric  Products  Inc. 

Semiconductor  Div. 


100  Sylvan  Road,  Woburn,  Maas. 
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BANTAM 

DEMINERALIZER 


DOES  5  WATER 

PURIFICATION  JOBS 
EMPLOYS  5 
INTERCHANGEABLE 
CARTRIDGES 


STANDARD  CARTRIDGE  Produces  ion  free 
water  at  minimum  cost . . .  removes  ISOO 
grains  as  NaCI  (1300  as  CaCOs). 

MIXED  RESIN  CARTRIDGE  For  operations 
demanding  better  than  l.(X)0,000  ohms 
resistance  and  neutral  pH.  Cartridge  ca¬ 
pacity  is  1230  grains  as  NaCI  (1050  at 
CaCOn).  Approximately  36  of  cartridge 
capacity  is  million  ohm  water  or  better. 
ORGANIC  REMOVAL  CARTRIDGE  Removes 
organics,  organic  liquids  and  gases  that 
would  pass  through  a  demineralizer.  Ef¬ 
fective  in  removing  chlorine,  ideal  for 
pre-treating  demineralizer  feedwater,  for 
self-purifying  high  purity  rinse  systems 
and  other  processes  where  organics  or 
odors  in  the  water  are  objectionable. 
OXYGEN  REMOVAL  CARTRIDGE  Developed 
for  cooling  water  loops  where  it  is  impor 
tant  to  maintain  low  oxygen  content  to 
prevent  corrosion.  Cartridge  removes  one 
part  per  million  of  dissolved  oxygen  from 
25(X)  gallons  of  water,  or  6.8  liters  (9.7 
grains )  of  oxygen  at  standard  temperature 
and  pressure. 

CATION  CARTRIDGE  Provides  ( 1 )  precious 
metals  recovery,  (2)  radio-active  isotope 
recovery,  at  low  cost,  (3)  also  useful  for 
removing  volatile  amines  where  heating 
plant  steam  condensate  is  being  used  as 
the  feedwater  for  a  Still,  and  (4)  where 
close  control  over  the  pH  of  water  is  nec 
essary,  the  cation  cartridge  in  its  ammonia 
or  lithium  form  is  effective. 
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STILL  AND  STERILIZER  CO. 

It  UNESVILLE  TERRACE  BOSTON  31,  MASS. 


WASHINGTON  OUTLOOK 


WASHINGTON — Imports  of  Japanese  transistors,  rectifiers  and  diodes  will 
be  “investigated”  by  Office  of  Civil  Defense  Mobilization  to  determine 
whether  they  are  injuring  national  security. 

The  study  comes  under  the  so-called  “defense-essentiality”  section  of 
the  Trade  Agreements  Law,  which  provides  for  import  restrictions  on 
products  which  OCDM  rules  (1)  are  needed  for  defense  mobilization,  and 
(2)  are  being  imported  in  quantities  which  threaten  national  security. 

Electronic  Industries  Association  petitioned  the  agency  for  the  investi¬ 
gation.  Under  the  trade  laws  which  were  tightened  last  year,  the  OCDM 
study  follows  automatically. 

Of  a  handful  of  similar  petitions  which  have  reached  a  final  ruling  in 
the  last  few  years,  only  imports  of  petroleum  have  been  curbed  under 
this  provision.  Last  major  petition  to  fail  was  one  filed  by  National  Asso¬ 
ciation  of  Electrical  Manufacturers  seeking  restrictions  on  foreign  heavy 
electrical  equipment. 

Of’DM  will  take  statements  and  briefs  from  all  interested  parties 
through  Nov.  17,  rebuttals  through  Dec.  17,  and  all  data  and  comments 
by  Jan.  2,  1960. 

Military  requirements  for  transi.stors  now  total  10  million  units 
annually,  are  expected  to  zoom  to  some  100  million  units  annually  by 
1965  as  missile  and  space  vehicle  production  starts  to  climb. 

Commerce  Department’s  Business  and  Defense  Services  Administra¬ 
tion  reports  that  Japanese  exports  of  transistors  to  the  U.  S.  multiplied 
from  $7,000  worth  last  year  to  $521,000  worth  in  the  first  six  months  of 
1959. 

These  figures,  while  reflecting  dramatic  increases,  are  less  than  the 
nearly  27-million  unit  figure  which  EIA  reported  Japan  had  shipped  to 
the  U.  S.  in  transistors  alone  during  the  first  quarter  of  1959.  The  trade 
association  later  corrected  its  figures,  explained  that  this  was  a  produc¬ 
tion  figure,  not  an  export  statistic. 

•  Scientific  development  through  private  enterprise — with  government 
support — is  the  program  laid  out  by  the  Republican  party’s  committee 
on  program  and  progress.  The  committee’s  science  task  force  envi¬ 
sions  a  key  role  for  communications  in  the  next  two  decades  with 
“automatic  and  simultaneous  translation  of  languages  in  interna¬ 
tional  calls,  three-dimensional  color  tv,  vhf  radio  and  improved  tech¬ 
niques  for  reproducing  the  printed  word.” 

The  $10  billion  the  U. S.  (both  government  and  private)  spends 
annually  on  scientific  research  and  development  should  be  stepped 
up  to  $.36  billion  by  1976,  the  group  says.  But  the  trend  toward 
centralizing  scientific  work  in  federal  laboratories  must  be  reversed. 

The  group  strongly  endorses  federal  support  of  basic  research 
through  the  National  Science  Foundation  utilizing  private  facilities, 
but  wants  commercial  application  left  strictly  to  private  industry. 

•  An  increase  in  sales  for  communications  equipment  makers  from  this 
year’s  $2.65-billion  level  to  some  $4.65  billion  in  1968  is  forecast  by 
the  Commerce  Department.  The  sums  cover  wire  and  microwave 
telephone  and  telegraph  equipment  used  by  common  carriers.  The 
forecast  is  based  on  an  estimate  that  population  growth,  business 
expansion  and  other  factors  will  boost  the  numbers  of  telephones  in 
this  country  from  66.6  million  to  110.7  million  over  the  next  decade. 


14 


CIRCLE  14  ON  READER  SERVICE  CARD 


OCTOBER  16,  1959  •  ELECTRONICS 


kcarfoUJ  ! 


COMPANY 


BUILDING  BLOCKS 
FROM  KEARFOTT 


Data  Logging 


Kearfott’s  broad  line  ot 
test  equipment  includes  the 
Scanalog  200 -Scan  Alarm 
Logging  System  which 
monitors,  logs  and  per¬ 
forms  an  alarm  function  of 
up  to  200  separate  temper¬ 
ature,  pressure,  liquid  level 
or  flow  transmitters.  This 
precise  data  handling  sys¬ 
tem  is  equipped  with  man¬ 
ual  controls  for  scanning 
rates,  automatic  or  manual 
logging,  data  input  relat¬ 
ing  to  operator,  time,  day, 
run  number  and  type  of 
run.  200  numbered  lights 
correspond  to  specific 
points  being  maintained 
and  provide  a  visual  “off 
normal”  display  for  opera¬ 
tor’s  warning.  System  can 
be  expanded  to  1024  points 
capacity  and  2000  points 
per  second  scanning  rate. 

Write  for  complete  data.. 


BUILDING  BLOCKS 
FROM  KEARFOTT 


BUILDING  BLOCKS 
FROM  KEARFOTT 


Floated  Rate 
Integrating  Gyros 

Specifically  designed  for 
missile  applications,  these 
Kearfott  miniature  gyros 
operate  efficiently  at 
unlimited  altitudes.  Their 
outstanding  accuracy  and 
performance  make  them  su¬ 
perior  to  any  comparably- 
sized  units  on  the  market. 
Hermetically  sealed  within 
a  thermal  jacket,  these  gy¬ 
ros  are  ruggedly  designed 
and  completely  adaptable 
to  production  methods.  Per¬ 
formance  characteristics 
that  are  even  more  precise 
can  be  provided  within  the 
same  dimensions. 

TYPICAL 

CHARACTERISTICS 

Mass  Unbalance: 

Along  Input  Axis:  1.0°/  hr 
maximum  untrimmed 
Standard  Deviation  (short  term): 
Azimuth  Position:  0.05°/hr 
Vertical  Position-.  0.03°/hr 
Drift  Rate  Due  to  Anisoelasticity 
Steady  Acceleration: 
.015°/hr./g*  maximum 
Vibratory  Acceleration: 
.008°/hr./g*  maximum 

Damping: 

Ratio  of  input  angle  to 
output  angle  is  0.2 
Characteristic  Time: 

.0035  seconds  or  less 
Weight:  0.7  lbs. 

Warm-Up  Time: 

10  minutes  from  -60'F 
Life:  1000  hours  minimum 


Eiectrohydrauiic 
Servo  Valve 

Kearfott’s  unique  approach 
to  eiectrohydrauiic  feed¬ 
back  amplification  design 
has  resulted  in  a  high- 
performance  miniature 
servo  valve  with  just  two 
moving  parts.  Ideally 
suited  to  missile,  aircraft 
and  industrial  applications, 
these  anti  -  clogging, 
2-stage,  4-way  selector 
valves  provide  high  fre¬ 
quency  response  and 
proved  reliability  even 
with  highly  contaminated 
fluids  and  under  conditions 
of  extreme  temperature. 

TYPICAL 

CHARACTERISTICS 

Quiescent  Flow . 0.15  gpm 

Hysteresis  ...3%  of  rated  current 
Frequency  Response 

3  db  ®  100  cps 
Supply  pressure..  .500  to  3000  psi 
Temperature-Fluid  &  Ambient 

-65°F  to  +275°  F 
Flow  Rate  Range  ...  .3  to  10  gpm 
Weight . 10.5  ounces 

Write  for  complete  data. 


Analog 

Digital 

Converter 


Y  20  Second 

r  Synchro 


Integrator 

Tachometer 


Engineeri:  Kearfott  oflers  challenging  opportunities  in 
advanced  component  and  system  development. 
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KIMAC 

is  an  electron  tube  specialist 


EIMAC  FINDS 
WAY  TO  END 
PREMATURE 
TUBE  FAILURE 


No  matter  how  carefully  you  operate 
vacuum  tubes,  power  overloads  can’t 
always  be  avoided.  In  most  tubes,  the 
resultant  overheating  produces  vacuum 
loss  or  internal  arcing.  Tubes  often  fail 
immediately  or  fall  off  in  performance. 

To  overcome  this,  Eimac  developed  a 
group  of  internal-anode  radial-beam 
tetrodes  with  exceptional  ability  to  with¬ 
stand  repeated  power  overloads  and 
peak  powers.  Operated  for  millions  of 
hours  in  every  class  of  service,  these 
rugged  tetrodes  have  proved  they  last 
longer,  perform  hotter,  than  any  com¬ 
parable  internal-anode  tubes. 


Their  amazing  reliability  is  due  partly 
to  F.imac’s  exclusive  Pyrovac  plate.  This 
outstanding  internal-anode  material  re¬ 
duces  internal  arcing,  actually  absorbs 
gases  which  might  ruin  tube  vacuum. 

In  these  tetrodes,  low  inter-electrode 
capacitances  and  low  lead  inductances 
assure  stable  operation  at  high  frequen¬ 
cies.  Their  high  power  gain  and  low 
driving  power  requirements  simplify 
driver  requirement  and  associated  cir¬ 
cuits. 


For  complete  technical  and  applica¬ 
tion  data  on  these  outstanding  tetrodes, 
see  the  attached  Eimac  Report  to  Design 
Engineers. 


EITEL-McCULI-OUGH,  INC. 

San  Carlos,  California 
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ADVANCED  FEATURES  OF  EIIMAC 
INTERNAL-ANODE  TETRODES  MEAN 
LONGER  LIFE,  BETTER  PERFORMANCE 


riie  proved  reliability,  loti<i  life,  and  oulstand- 
iiifj!  perlormance  of  Kirnae's  five  iMlernal-anode 
tetrodes  is  a  direi  t  result  of  Ki mac  's  emphasis 
on  Kesean  h  and  Kiifiineerinfi  in  the  areas  of 
tube  design,  material  application,  and  manii- 
factiiririf;. 
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emitting  grids  and  clean  electrode  design  fur¬ 
ther  add  to  the  long  life  and  dependability  of 
these  tubes.  All  feature  thoriated  tungsten 
filaments. 

I  nusually  clean,  hard  vacuums  are  achieved  on 
Kimac  designed  and  developed  rotary  vacuum 
pumps. 

These  general  purpose  negative  grid  tubes  are 
just  part  of  Kirnae's  line  of  over  100  tube 
types.  For  rugged  applications,  Kimac  has  pio¬ 
neered  the  application  of  ceramics  to  elec  tron 
tube  construction.  Today,  more  than  forty 
Kimac  negative  grid  tubes,  amplifier  klystrons, 
traveling  wave  tubes,  and  rellex  klystrons  fea¬ 
ture  ceramic-metal  construction. 

Kimac  has  risen  to  its  position  as  the  world's 
largc'st  manufacturer  of  transmitting  tubes  by 
being  first  witli  advanced  tube  design,  ad¬ 
vanced  material  application,  and  leadershi|>  in 
vacuum  tube-  manufacturing  tec  hnicjues. 

Tli*se  advanced  featurea  are  also 
available  In  Elmac’s  line  of  Internal- 
anode  triodes,  pentodes,  and 
bigb  vacuum  rectlllers. 
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DC  Plate 
Voltage 


DC  Plate 
Current 


Driving 

Power 


1.7  watts 


280  watts 


0.0  watts 


175  watts 


1.3  watts 


270  watts 


0.0  watts 


130  watts 


TYPICAL  OPERATION 


Class  C  Telegraphy 
or  FM,  Per  Tube 


RF  Power  Amplifier 
and  Oscillator 


Plate  Power 
Output 


Class  C  Telephony, 
Per  Tube,  Carrier 
Conditions 


Plate-Modulated 
RF  Amplifier 


2  6  watts  I  230  watts 


Class  AB  Sinusoidal 
Wave,  2  Tubes 


Audio-Frequency 
Power-Amp'i'ier 
and  Modulator 


Class  AB,  Sinusoidal 
Wave.  2  tubes 


Audio-Frequency 
Power-Amplifier 
and  Modulator 


Class  AB  ,  Per  Tube 


RF  Linear  Power 
Amplifier  SSB 
Single  Tone 


PERFORMANCE 

SUMMARY 


SEND  TODAY  FOR 
DATA  SHEET 
GIVING  COMPLETE 
SPECIFICATIONS 
AND  TECHNICAL 
INFORMATION. 


EIM  AC 


Tetrode 


Th  is  small,  radiation-cooled  transmitting  tetrode  features  short, 
heavy  leads  and  low  intereleetrode  ea|iacitances  producing 
stable,  eflicient  operation  at  high  frequencies.  Though  the  -1-65.A 
can  withstand  high  plate  voltages,  it  delivers  relatively  high 
power  output  at  a  low  plate  voltage.  Quick  heating  thoriated 
tungsten  filament  conserves  power  during  standby  periods  in 
mobile  applications,  f  requency  for  maximum  ratings:  1.50  Me. 
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TYPE  SERVICE 


Class  C  TeicRraphy 
or  FM  Per  Tube 


Class  C  Telephony, 
Per  Tube.  Carrier 
Conditions 


Class  AB,  Sinusoidal 
Wave,  2  Tubes 


Class  AB.  Sinusoidal 
Wave,  2  Tubes 


Class  AB,,  Per  Tube 


The  low  grid-plate  capacitance  of  this  tetrode  together 
with  its  low  driving-power  requirement  allows  consider¬ 
able  simplification  of  the  associated  circuit  and  driver 
stage.  The  4-125A  is  cooled  by  radiation  from  the  plate 
and  by  air  circulation  through  the  base  and  around  the 
envelope.  It  has  a  quick-heating  thoriated  tungsten  fila¬ 
ment.  Highest  frequency  for  maximum  ratings:  120  Me. 


TYPICAL  OPERATION 


Plato  Power 
Output 


DC  Plate  I  DC  Plato  Drivini 

Voltafo  Current  Power 


RF  Power  Amplifier 
and  Oscillator 


375  watts 


3,000  I  167  ma  2.5  watts 


High-Level 
Modulated  RF 
Amplifier 


2,500  152  ma  3.3  watts 


300  watts 


Audio-Frequency 
Power  Amplifier 
and  Modulator 


2,500  232  ma  0.0  watts 


330  watts 


Audio-Frequency 
Power  Amplifier 
and  Modulator 


400  watts 


2.500  260  ma  1.0  watts 


RF  Linear  Power 
Amplifier  SSB 
Single  Tone 


3.000  105  ma  0.0  watts 


200  watts 


SEND  TODAY  FOR  DATA  SHEET  GIVING  COMPLETE  SPECIFICATIONS,  t 
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This  compact,  ruggedly  constructed  tetrode  is  cooled  by 
radiation  from  the  plate  and  by  circulation  of  forced-air 
through  the  base  and  around  the  envelope.  It  features 
Kimac's  exclusive  Pyrovac  plate,  a  thoriated  tungsten 
filament,  and  non-emitting  grid.  Frequency  for  maximum 
ratings:  110  Me. 


DC  Piati 
VOlttft 


DC  Plata 
Current 


Drieing 

Power 


2.46  watts 


1,000  watts 


3.2  watts 


510  watts 


0.0  watts 


1.9  watts 


0.0  watts 


nPE  SERVICE 

FUNCTION 

Class  C  Telegraphy 
or  FM,  Per  Tube 

RF  Power  Ampli¬ 
fier  and 

Oscillator 

Class  C  Telephony, 

Par  Tube,  Carrier 

Conditions 

Plate-Modulated 

RF  Amplifier 

Class  AB  Sinusoidal 

Wave,  2  Tubes 

AF  Power  Amplifier 
and  Modulator 

Class  AB,  Sinusoidal 

Wave.  2  Tubes 

AF  Power  Amplifier 
and  Modulator 

Class  AB,,  Per  Tube 

RF  Linear  Power 
Amplifier  SSB 

Single  Tone 

IFICATIONS.  APPLICATION  INFORMATION,  AND  TECHNICAL  DATA. 
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EIMAC  4-400A  400  Watt  Radial-Beam  Power  Tetrode 


This  com|tact  power  tetrode  is  cooled  by  radiation  from  the  plate  and  by  circu¬ 
lation  of  forced-air  through  the  base,  around  the  envelo|)e.  and  over  the  plate 
seal.  Cooling  is  simplified  by  using  an  Kimac  SK-400  Air  System  Socket  and  its 
accompanying  glass  chimney.  This  tube’s  thoriated  tungsten  filament  oj^erates  at 
.5.0  volts,  with  current  of  14.5  am|)eres.  Highest  frequency  for  maximum  ratings 
is  1 10  megacycles. 


TYPE  SERVICE 

FUNCTION 

TYPICAL  OPERATION 

DC  Plate 
Voltage 

OC  Plate 
Current 

Driving 

Power 

Plate  Power 
Output 

Class  C  Telegraphy 
or  FM  below  75  Me, 

Per  Tube 

RF  Power  Amplifier 
and  Oseillator 

4,000 

350  ma 

5  8  watts 

1,100  watts 

Class  C  Telegraphy 
or  FM.  no  Me, 

2  Tubes 

RF  Power  Amplifier 
and  Oseillator 

4,000 

540  ma 

20.0  watts 

1,600  watts 

Class  C  Telephony, 
below  75  Me,  Continuous 
Carrier  Conditions 

Plate-Modulated 

RF  Amplifier 

3,000 

275  ma 

3.5  watts 

630  watts 

Class  C  Telephony, 
below  30  Me,  Intermittent 
Carrier  Conditions 

Plate-Modulated 

RF  Amplifier 

3,650 

275  ma 

4.0  watts 

765  watts 

Class  AB  Sinusoidal 

Wave,  2  Tubes 

Audio-Frequeney 
Power  Amplifier 
and  Modulator 

4,000 

585  ma 

0.0  watts 

1,540  watts 

Class  AB,  Sinusoidal 

Wave,  2  Tubes 

Audio-Frequency 
Power  Amplifier 
and  Modulator 

4,000 

638  ma 

3.5  watts 

1,750  watts 

Class  AB,,  to  no  Me, 

Per  Tube 

RF  Linear  Power 
Amplifier  SSB 

Single  Tone 

4,000 

250  ma 

0.0  watts 

650  watts 

PERFORMANCE  SU 


SEND  TODAY  FOR 
DATA  SHEET  GIVING 
COMPLETE  SPECIFICATIONS. 
APPLICATION  INFORMATION 
AND  TECHNICAL  DATA 
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EIMAC  4-1000A  1000  Watt  Radial-Beam  Power  Tetrode 


This  Eimac  tetrode  is  capable  of  efficient  operation  well  into  the  VMK  range. 
In  FM  broadcast  service  on  110  megacycles,  two  4-100()A’s  will  deliver  a  useful 
output  power  of  over  5000  watts.  Operation  under  (]lass  ABi  modulator  conditions 
with  less  than  10  watts  of  peak  driving  power,  two  of  these  tubes  will  deliver 
5.9(X)  watts  of  output  power.  In  Class  AH'  a  pair  of  l-l(MM)A’s  will  deliver  H.H(K) 
watts  of  output  power.  Highest  frequency  for  maximum  ratings  is  110  mega<  ycles. 


Class  AB  Sinusoidal 


Wave,  2  Tubes 


0  0  watts  3.840  watts 


4  7  watts  3.900  watts 


RF  Linear  Power 

Class  AB,  Per  Tube 

Amplifier  SSB 

Single  Tone 

.44  amps  0.0  watts  1,750  watts 
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CLEANER,  HARDER  VACUUMS  INCREASE  TUBE  LIFE 


During  production  Eimac-designed  rotary  vacuum  pumps  evacuate  gas  at  high  tern* 
|)eratures.  This,  plus  clean  electrode  design  and  non-emitting  grids,  helps  make  Eimac 
internal-anode  tetrodes  the  most  reliable  available. 


NEWEST  TUBE  TYPES,  TUBE  IMPROVEMENTS  COME 
FROM  EIMAC  RESEARCH  AND  ENGINEERING 


First  to  develop  internal-anode  tetrodes,  Eimac  is  also  the  recognized  leader  in 
ceramic-metal  vacuum  tubes.  With  emphasis  on  new  tube  types,  Eimac  constantly 
improves  conventional  tube  tyj)es,  too. 
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100%  DEVICE  TEST  WITH 
CAT’  AUTOMATIC  TEST  EQUIPMENT 


100%  test  of  the  performance  and  uni¬ 
formity  built  into  Tl  ‘mesa’  units  is  con¬ 
ducted  automatically  by  CAT-Cen- 
tralized  Automatic  Test  equipments. 
Designed  and  built  by  Tl,  these  machines 
each  have  a  capacity  of  40,000  units  a  day. 


Currently  doubling  in  size  is  the 
310,000-sq  ft  Tl  Semiconductor-Com¬ 
ponents  division  plant,  already  the 
world's  largest  semiconductor  facility. 


MULTI-PURPOSE 
SILICON  ‘MESAS’ 


NOW  MASS-PRODUCED 

BY  WORLD’S 
LARGEST  TRANSISTOR 

MANUFACTURER 


MEDIUM-POWER  AMPLIFIERS  •  SMALL- 
SI6NAL  AMPLIFIERS  •  SWITCHERS 

FEATURE: 

■  Diffused-base  ‘mesa’  construction 

■  2-w  maximum  power  dissipation  at  25°C 

■  DC  betas  of  20-60  and  40-120 


Available  noio  in  production  quantities 
. . .  TI  2N696  and  TI  2N697  multi-pur- 
_  OTwr  sut  p^gg  giljcon  ‘mesa’  units  for  amplifier, 
switching  and  medium-power  applications. 

Produced  by  the  pioneer  of  the  diffused-base  proc¬ 
ess,  these  highly  reliable  ‘mesa’  units  feature . . . 
2-w  maximum  power  dissipation . . .  beta  spreads 
of  20-60  (TI  2N696)  and  JfO-120  (TI  2N697)  . . . 
10-ohm  maximum  saturation  resistance. 

Your  full-year  guarantee  is  backed  by  TI’s  proven 
production  capabilities  (largest  in  the  world  and 
currently  being  doubled)  and  a  stringent  quality 
assurance  program. 

Check  these  specs  and  contact  your  nearest  dis¬ 
tributor  or  TI  sales  office  for  immediate  delivery. 


electrical  characteristics  at  25°C  ambient 


maximum  ratings  at  25^C  ambient 


(unless  otherwise  noted) 
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Instruments 

INCORPORATED 


SEMICONDUCTOR-COMPONENTS  DIVISION 

13500  N.  CENTRAL  EXPRESSWAY 

POST  OFFICE  BOX  312  •  DALLAS.  TEXAS 


Write  on  your  company  letterhead 
describing  your  application  for 
specific  details  on  TI  products. 
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Some  terms  like  “up,”  “long,”  “wide”  or  “high”  are  purely 
relative.  “Reliability”  is  not  a  relative  term— it  is  absolute! 

The  systems  which  regulate  the  flow  of  electricity, 
water,  natural  gas,  petroleum  and  the  other  liquids  and 
gasses  which  are  so  vital  to  our  industrial  and  personal  lives 
must  be  reliable  — without  compromise  or  qualification! 

Since  1921  North  Electric  Company  has  designed, 
developed  and  manufactured  thousands  of  such  systems— 
systems  which  have  established  new  standards  of  reliability. 

North’s  unique  capabilities  in  this  field  stem  from 
75  years  of  proven  experience  in  the  areas  of 
communication  and  control,  the  two  basic  principles 
upon  which  a  system  complex  is  dependent. 

For  utilities,  for  industry,  for  defense— North  engineered 
and  built  systems  are  functioning  24  hours  a  day, 

365  days  of  the  year— such  reliability  is  inherent  in 
every  North  Product. 

North  stands  ready,  and  able,  to  give  you  specialized 
assistance  in  system  design,  development  and  manufacture. 

Write,  wire  or  phone 

INDUSTRIAL  DIVISION 

NORTH  ElECTRIC  COMPANY 

4910  SOUTH  MARKIT  STREET  •  GALION,  OHIO 
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FINANCIAL  ROUNDUP 

Voting  Today  on  Merger  Plan 


Being  voted  on  today  are  merger 
plans  concerning  Consolidated 
Electronics  Industries  Corp.,  Phil¬ 
ips  Industries  and  Central  Public 
Utility  Corp.  (see  Electronics,  p 
21,  Aug.  14).  To  become  elTective, 
the  merger  will  require  approval 
of  two-thirds  of  all  stockholders 
involved.  If  approved,  the  new 
corporate  entity.  Consolidated 
Electronics  Industries  Corp.,  will 
have  total  assets  of  more  than  $74 
million,  net  current  assets  of  $32 
million  and  .sales  and  revenues  of 
more  than  $87  million.  F^ach  firm 
involved  in  the  merger  will  con¬ 
tinue  in  its  special  field  of  elec¬ 
tronics.  pharmacueticals  and  elec¬ 
tricity,  respectively. 

•  Universal  Winding  Co.,  Crans¬ 
ton,  R.  I.,  reports  stockholders  ap¬ 
prove  changing  its  corporate  name 
to  Leesona  Corp.  Also  approved 
are  two  changes  in  the  company’s 
capital  structure.  The  firm’s  $5 
par  common  stock  authorization 
will  go  from  1  million  to  2  million 
shares,  and  all  90-cent  cumula¬ 
tive  convertible  preferred  stock  is 
being  recalled  and  cancelled.  The 
company’s  capital  now  consists 
.solely  of  2  million  shares  of  com¬ 
mon  stock.  Company  officials  say 
coil  winding  machine  sales  were 
abnormally  low  in  1958  and  in  the 
early  part  of  this  year.  A  marked 
upturn  has  been  in  effect  since 
April,  however,  and  incoming  or¬ 
ders  have  increased  100  percent. 

•  .Marshall  Industries,  San  Ma¬ 
rino,  Calif.,  announces  purchase  of 
the  entire  assets,  lease  holdings 
and  inventory  of  Electron  Prod¬ 
ucts  Co.  for  about  $400,000.  EPC 
manufactures  miniaturized  capaci¬ 
tors  and  radio  interference  and 
noise  filters.  Marshall  Industries 
is  a  firm  recently  formed  through 
the  merger  of  three  companies 
bearing  the  generic  name  of  G.  S. 
.Marshall  Co.,  manufacturers  rep¬ 
resentatives,  the  Wahlgren  Elec¬ 
tric  Manufacturing  Co.,  and  Elec¬ 
tro  Physics  Laboratories,  Inc.  The 
newly  acquired  firm,  which  has  a 
current  sales  rate  of  more  than  $1 
million  annually,  expects  a  50- 


percent  increase  will  be  recorded 
in  the  coming  year. 

•  Tenney  Engineering,  Inc.,  Un¬ 
ion,  N.  J.,  reports  acquisition  of 
the  copper  and  aluminum  coil  di¬ 
vision  of  Kirsch  Co.,  Sturgis,  Mich. 
Tenney  plans  to  utilize  this  divi¬ 
sion’s  know-how  and  facilities  in 
connection  with  environmental 
test  equipment  manufacture.  Sales 
of  the  newly  acquired  division  are 
expected  to  double  by  the  end  of 
1960  reaching  a  volume  of  about 
$3  million.  Facilities  will  be 
housed  in  a  new  location  currently 
being  sought.  Indications  are  that 
Wilmington,  N.  C.,  is  a  likely  site 
for  the  operation,  which  will  use 
about  75,000  sq.  ft.  AKso  in  the 
Tenney  expansion  program  is  a 
licensing  arrangement  concluded 
with  the  West  German  firm, 
Deutsche  Waggon  und  .Maschinen- 
fahriken,  to  manufacture  and  sell 
Tenney  equipment  in  the  European 
market. 


25  MOST  ACTIVE  STOCKS 

WEEK  ENDING  OCTOBER  2 
SHARES 


(IN  lOO'S) 

HIGH 

LOW 

CLOSE 

A«co  Cary 

600 

13ik 

12i!i 

127. 

Elec  t  Mus  lR< 

568 

7V4 

7 

77k 

Sperry  Rani 

558 

22H 

217k 

227. 

Ut'l  Tel  t  Tel 

553 

34H 

331,4 

33V2 

tee  Elec 

537 

79Vj 

77 

791,8 

RCt 

466 

59H 

5534 

57 

U*i«  Coitrel 

420 

17V4 

I6V4 

1671 

Texes  lest 

388 

1357'e 

12874 

13134 

Du  Meet 

377 

8>/2 

67» 

81 4 

Gee  Dyeamic 

372 

4814 

451  a 

457e 

Gee  Tel  1  Elec 

363 

69'1| 

68tk 

69ix 

Westiaikeuse 

311 

9112 

8872 

91>4 

Riytkeae 

280 

47I4 

4412 

45 

Burreutks 

275 

31V12 

307* 

307. 

kmpei 

256 

83I4 

781,4 

8274 

Sieiler  Cirp 

246 

291 4 

251,4 

2914 

Zeeitk  Rakie 

220 

97I4 

941k 

951k 

El-Treiics 

194 

IH 

II4 

IH 

lit'l  Bus  Mack 

185 

426V2 

411712 

41974 

Ree>es  Sndcrft 

175 

8V1 

7V4 

8 

Gen  Transister 

174 

34I1 

31H 

337k 

Becknan  Inst 

159 

537% 

5074 

527k 

Enersnn  RiPin 

147 

15711 

I4H 

1474 

Lear 

147 

137k 

12H 

13V4 

Pkilce  Carp 

146 

25H 

2374 

2474 

The  above  figures  represent  sales  of  electronics 
stocks  on  the  New  York  and  American  Stock 
Exchanges.  Listings  are  prepared  exclusively  for 
El  EtxaoNH  s  by  Ira  Haupt  A  ('n.  investment 
bankers. 


NEW  PUBLIC  ISSUES 

No  of 
Shares 

Issue 

Price 

Allied  Radio 

333,335 

16* 

Radiation  Dynamics 

25,000 

12Va 

Rek-O-Kut 

142,666 

3»/i 

Technical  Materiel 

80,000 

12 

•approx 


OFF-THE-SHELF 

P 


TEXAS  INSTRUMENTS 
SEMICONDUCTORS 

From 

HEWARK 

ELECTRIC  CO. 

^J^Your  Authorized 
Tl  Distributor 

Tl  samiconductors  ora  USC-PROVBD 
by  thousands  of  customars  and 
Gl/ARANTEEO  for  ona  full  yaorl 
Now  ovoilobla  at  Factory  Pricos  in 
1-999  quontitios: 

Silicon  transistors,  garmonium  tran¬ 
sistors,  silicon  diodas  and  roctifiars 
and  carbon  film  rasistors. 
sansistor  silicon  rasistors:  1-499 
fon-TI-cop  tantalum  copocitors;  1-99 


FREE  I 

Newark  Electric's  all-new, 
1959'INDUSTRIAL  ELEC¬ 
TRONICS  CATALOG  #69 

Ordar  now  for  your  copy  of  this 
3B8-poge  raferanco  to  tha  nawest 
alactronic  davices,  including  Taxos 
Instruments  complete  line  of  semi- 
coaductors  and  components. 
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Here’s  a  sepia  intermediate  that  handles 
just  like  the  best  vellums 


As  a  result  of  The  Frederick  Post 
Company’s  long  and  intensive  re¬ 
search  in  intermediates  and  coating 
technology,  there  is  now  available  a 
dramatically  improved  sepiatone 
vellum.  Post  Vapo-Vel  (209)  com¬ 
bines  every  important  feature  you’ve 
been  looking  for  in  a  transparentized 
paper-base  print — top  drafting  qual¬ 
ities,  su{)erior  shelf-life  and  hling 
characteristics,  and  outstanding 
printback  speed.  An  extra  dividend: 
Vapo-Vel’s  cost  per  print  is  surpris¬ 
ingly  economical  compared  to  other 
types  of  intermediates. 


To  the  man  on  the  board,  this 
newly  improved  Vapo-Vel  is  a  real 
find.  It  has  all  the  drawing  and  trans¬ 
parency  features  of  a  top-notch  vel¬ 
lum,  even  that  crisp  vellum  "feel.” 
Vapo-Vel’s  eeisy-to-read  dark  brown 
image  and  outstanding  transparency 
eliminate  eyestrain  in  modification 
work  on  the  back  of  reverse-reading 
prints.  The  surface  takes  pencil  and 
ink  without  feathering.  Pencil  eras¬ 
ing  characteristics  of  this  strong 
100%  rag  premium  paper  are  truly 
outstanding,  while  eradication  of 
print  images  is  easily  accomplished. 


You  ehock  it  I  Whatever  your 
special  interest,  test  209  Vapo- 
Vel  ammonia  process  prints  for 
factors  most  important  in  your 
own  operations.  Whatever  your 
prime  requirements  may  be, 
Post  welcomes  a  comparative 
evaluation  of  diazo-type  sepia 
papers  for  each  and  every  one 
of  these  prime  characteristics: 


PASSES  EVERY  TESTl 


Image  Density — Visual 
Drafting  Qualities 
Line  Contrast 
Readability  thru  Back 
Eradication 
Filing  Characteristics 

Image  Density — Actinic 
Opacity  (Printback) 

Quality  of  Reprint 
Image  Bleed  on  Aging 
Background  Stability 
Shelf-Life 


Write  today  for  your  copy  of  the  POST  Vapo-Vel  Kit.  It  contains  sample  prints 
to  examine  and  test,  a  Print  Characteristics  Checklist,  a  Data  Sheet  and  a  copy 
of  Post’s  popular  booklet  "11  Ways  to  Save  Drafting  Time."  To  keep  up-to- 
date  with  the  latest,  just  write  Frederick  Post  Company,  3660  North  Avondale 
Avenue,  Chicago  18,  Illinois. 


FREDERICK  POST  COMPANY 


Dealers  in  Principal  Cities 


THESE  SHORT  CUTS  WILL  SAVE  YOU  TIME 


Add  variabU  data  with  transpartnt  matt* 
tap*.  It  is  often  economical  to  maintain 
standard  drawings  without  dimensions  and 
other  variables,  odding  this  information 
on  tronsporent  matte  tope,  as  needed  to 
specific  orders.  A  subsequent  Vopo-Vel 
print  then  supplies  the  completed  drawing. 


Moke  quick  corrections  over  scattered 
areas.  When  small  patches  of  your  orig¬ 
inal  drawing  need  alterations,  moke  a 
Vapo-Vel  intermediate.  Then  eliminate  the 
unwanted  lines  with  POST  Eradlcotor  Fluid 
and  redraw. 


From  this  ...  to  this  WITH  NO  ERASURES! 
When  a  large  element  in  your  original 
drawing  requires  modificotions,  simply  cut 
it  out  of  the  first  Vapo-Vel  print.  Draw  in 
the  changes  on  a  second  Vopo-Vel  print 
.  .  .  and  you  have  a  new  master. 


M 

mUbMH 
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Sola  Constant  Voltage  DC  Power  Supplies  are  designed  for  intermittent,  variable,  pulse  or  high-amperage  loads. 


Sola  packs  6  amps  of  300 -watt  regulated  dc  power 
into  5^/4  inch.es  of  relay-rack  space 


Looking  for  a  source  of  regulated  dc  power  that  fits  into 
a  .small  space?  You’ll  probably  find  that  the  Sola  Con¬ 
stant  Voltage  DC  Power  Supply  offers  what  you  want. 

This  compact  unit  has  exceptional  performance  char¬ 
acteristics,  too  —  it  delivers  current  in  the  “ampere 
range,”  regulates  within  ±1%  even  under  a  ±10%  vari¬ 
ation  in  line  voltage,  has  less  than  1%  rms  ripple,  and 
even  tolerates  dead  shorts.  It  is  80%  efficient  and  has 
a  very  low  static  output  impedance. 

How’s  it  done?  Sola  managed  it  through  a  balanced 
assembly  of  three  complementary  components  ...  a 
special  Sola  (kinstant  Voltage  Transformer  is  teamed 
up  with  a  semiconductor  rectifier  and  a  high-capacitance 


filter.  Electrical  characteristics  of  the  transformer  maxi¬ 
mize  most  of  the  advantages  of  the  rectifier  and  filter, 
while  virtually  eliminating  all  their  disadvantages.  The 
resulting  regulated  dc  power  supply  is  simple,  highly 
reliable,  compact  and  mtxlerately  priced. 

These  benc'fits  are  exhibited  by  the  entire  line  of  Sola 
dc  power  .supplies.  Sola  has  designed  and  produced  hun¬ 
dreds  of  ratings  to  meet  requirements  of  equipment 
manufacturers.  The  company  is  set  up  to  handle  specific 
needs  for  custom-designed  units  in  production  quanti¬ 
ties.  A  Sola  sales  engineer  can  supply  all  the  facts.  In 
addition  to  this  custom  service.  Sola  currently  stocks 
six  models  ranging  from  24  volts  at  six  amps  to  250 
volts  at  one  amp. 


For  complete  data  write  for  Bulletin  7J-CV-23S 


Sola  Elactric  Co.,  4633  W.  16th  St.,  Chicago  50,  III.,  Blihop  2-1414  •  Offices  In  principal  cities  •  In  Canada,  Sola  Electric  (Canada)  Ltd.,  24  Canmotor  Ave.,  Toronto  18,  Ont. 
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Helping  to  guarantee  a  vital 
"something”  for  a  rainy  day 

hallicr 


The  effectiveness  of  America’s  defense  "umbrella”— today 
and  tomorrow— depends  on  instant  availability  of  superior  elec* 
Ironies  weapons. 

For  over  seven  years,  the  Hallicrafters  company  has  been 
answering  this  urgent  need  with  QRC— Quick  Reaction 
Capability. 

For  your  electronic  requirements  .  .  .  from  single  circuit  to 
complete  system  ...  for  application  on  land,  sea,  air  or  space 
. . .  Hallicrafters  QRC  can  provide  you  with  this  unique  design 
and  production  service  in  electronics. 


ENGINEERS:  Join  our  rapidly  expand* 
Ing  QRC  team  now.  For  complete 
Information  address  your  inquiry  to: 
William  F.  Frankart,  Director  of  Engi¬ 
neering. 


hallkrafters  A  company 


MILITARY  ELECTRONICS  DIVISION 


CHICAGO  24,  ILLINOIS 


URGENT 


PROBLEMS 


RELIABLY 


SOLVED 


J 
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the  MIRACLE  of 


MEMIZIN6 


TYPE  CM . 

mctoltiied  on 


one  or  both  turlocet — 
with  or  without 


iniulated  margin 


Top  adaptobilify^or  subminioture 
opplicotions  requiring  minimal 
dimensions 

Unsurpassed  ele'drical  characteristics 
at  high  temperatures 
1^  Optimum  reliability  through 

"self-healing'*  properties  '  , 

Type  CM  Metallized  Teflan  is  the  latest 
achievement  in  our  accelerated  R&D  program. 
For  your  specific  Teflon  requirements  —  ask 
about  Dilectrix'  exclusive  and  patented  family 
of  products,  and  Custom  Applications 
Department. 

INRITE  DERT.  RD  1  ' 

iutthrr  dclaili  and 

.  1  B  rsn  . . 

DllECTRIK 

coRPORnTion 

Allen  B'lvd.  &  Grand  Ave. 
Farmingdale,  L.  I.,  N.  Y. 


MARKET  RESEARCH 


Microwave  Sales  to  Rise 


Point-to-point  microwave  equip¬ 
ment  market  will  grow  rapidly  over 
the  next  four  years,  with  sales  mul¬ 
tiplying  four  to  five  times  their 
present  volume. 

That’s  the  opinion  of  electronics 
manufacturers,  industry  consult¬ 
ants  and  investors’  groups  who  are 
intensively  studying  the  microwave 
picture. 

Combined  military  and  industrial 
point-to-point  microwave  business 
for  1959  amounts  to  $40  million  to 
$50  million,  including  about  $25 
million  from  industry  and  business. 
By  196:i,  annual  volume  of  the  com¬ 
bined  market  is  expected  to  jump  to 
about  $200  million,  with  military 
orders  accounting  for  the  bulk  of 
the  sales. 


What's  Included 

These  sales  estimates  include  the 
electronic  receiving  and  transmit¬ 
ting  equipment  used  in  point-to- 
point  microwave  systems,  but  ex¬ 
clude  the  towers.  Both  ground  and 
satellite  microwave  .systems  figure 
in  the  military  portions  of  the  esti¬ 
mates,  while  tv  repeater  stations, 
private  industrial  and  common-car¬ 
rier  systems  fit  into  the  industrial 
picture. 

Both  large  and  small  microwave 
equipment  manufacturers  should 
enjoy  the  fruits  of  this  market. 
Large  manufacturers  may  have  ad¬ 
vantages  in  obtaining  big  military 
and  indu.strial  ground-to-ground  in¬ 
stallations.  Some  observers  .see 
small  companies  doing  well  in  com¬ 
petition  for  satellite  microwave 
communication  busine.ss  where  em¬ 
phasis  for  a  number  of  years  will 
probably  be  on  prototype  construc¬ 
tion,  research  and  development. 

Big  military  .sales  push  will  come 
from  expanded  use  of  microwave 
links  in  air  defense  systems  where 
ability  of  microwave  systems  to  op¬ 
erate  despite  enemy  jamming  ef¬ 
forts  is  an  important  factor.  Mili¬ 
tary  will  also  try  to  extend  micro- 
wave  communication  distances  by 
use  of  orbiting  satellites  as  relay 
stations. 

In  the  industrial  and  commercial 
field  microwave  experts  look  to  more 
use  of  microwave  relay  stations  for 


intercity  communications  by  com¬ 
mon  carriers  as  a  big  source  of 
future  business.  Private  industrial 
microw'ave  systems  and  tv  repeater 
stations  also  play  a  growing  role. 

Manufacturers  of  klystrons,  mag¬ 
netrons,  traveling-wave  tubes,  back¬ 
ward  wave  oscillators  and  many 
other  components  stand  to  benefit. 

Total  microwave  tube  market  was 
about  $100  million  in  1958,  accord¬ 
ing  to  statistics  reported  by  Elec¬ 
tronic  Production  Resources 
Agency. 

The  market  for  some  50  other 
microw’ave  components,  including 
microw’ave  ferrite  devices,  is  esti¬ 
mated  at  around  $200  million.  In¬ 
dustry  will  have  a  better  picture  of 
this  market  in  a  month  or  so  w’hen 
the  Business  and  Defen.se  Services 
Administration’s  Electronics  Divi¬ 
sion  is  expected  to  release  results  of 
its  survey  of  non-tube  microw’ave 
components. 

BDSA  .survey  w’ill  show’  total 
shipments  for  each  of  some  50  spe¬ 
cialized  microwave  components  in 
units  and  in  dollars.  Breakdow’n 
of  shipments  to  military  and  non¬ 
military  u.sers  will  be  reported. 

•  Bench  mark  for  estimating 
sales  of  analog  computers  has  been 
established  by  Bureau  of  the 
Census,  which  states  that  value  of 
shipments  of  analog  computers  at 
factory  prices  in  1958  w’as  $9,067 
million,  representing  267  analog 
units.  Manufacturers’  e.stimates  of 
current  year  value  of  analog  ship¬ 
ments  range  around  $12  million  to 
$15  million.  How’ever,  most  elec¬ 
tronics  manufacturers  in  the  past 
have  found  it  extremely  difficult  to 
make  a  reliable  estimate  of  the  ana¬ 
log  market.  Bureau  of  Census  in¬ 
formation  is  contained  in  the 
Bureau’s  latest  Facts  for  Industry 
report  on  Office,  Computing  and  Ac¬ 
counting  Machines. 


FIGURES  OF  THE  WEEK 


LATEST  WEEKLY  PRODUCTION  FIGURES 


(Source;  El  A) 

Television  sets  183,441 
Radio  sets,  total  411,956 
Auto  sets  146,979 


Aug.  28,  Change  From 
1959  One  Year  Ago 
142,162  +42.9% 

287,977  +35.0% 

87,951  +45.2% 
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For  the;  first  time  in  one  package: 

exceiitionally  low  capacity 
fast  recoverjf 
low  reverse  leakage 
high  current  capabilities 


too  mA  Min.  («  IV  Forward  Current... 0.3  >iscc  recovery... 4  /i^f 
at  —2V... that’s  what  you  get  with  the  new  (lughes  computer 
diodes.  With  these  characteristics,  these  diodes  will  cover  practically 
every  major  computer  switching  requirement. 

You  can  always  count  on  them  for  top  performance.  Hermeti¬ 
cally  sealed  in  glass  envelopes,  these  Hughes  computer  diodes 
have  been  engineered  for  extreme  reliability  under  adverse  envi¬ 
ronmental  conditions. 

For  addrtional  information  concerning  these  unique  Hughes 
diodes  call  or  write  the  Hughes  sales  office  nearest  you.  1  hey  arc 
located  at: 

Boston,  4  Federal  Street;  Woburn,  Mass.;  WObtirn  2-4S24 
Newark,  80  Mulberry  Street;  Newark  2,  N.  J.;  MArket  3-3520 
San  Francisco,  535  Middlefield  Road;  Palo  Alto,  Calif.;  DA  6-7780 
Syracuse,  224  Harrison  Street;  Syracuse  2,  N.  Y.;  GRanite  1-0163 


Chicago,  6120  West  North  ,4ve.;  Chicago  39,  III.;  NAtioiial  2-0283 
Philadelphia,  I  Hala  .Ivenue;  Hala-Cynwyd,  Penn.:  .UOliawk  4-8365 
Los  .4ngeles,  690  N.  Sepulveda;  El  Segundo,  Calif.;  OR  8-6125 
Or  write.  Hughes  Products.  Marketing  Department, 
SEMICONDUCTOR  DIVISION,  NEWPORT  BEACH.  CALIFORNIA. 


1  ITPICAl  $P(ClflC*TIONS: 

Ravarsa  Racovarv*  1 

Mm 

Forward 

Ravarsa 

Maitmum  | 

Min.  £.•<  Currant  (n  2SX 

Mai.  Ravarsa  Currant  ^mA) 

Rasistanca  (R) 

Racovary  ] 

Typ« 

(K  100,JV  {<e 

•  1  0V> 

w  25*C 

100*  C 

fotimai 

Timafftsac)  ] 

IN840 

50 

150 

0.1  40V 

15  f«  40V 

400K 

0.3 

1N837A 

100 

150 

0.1  ^  80V 

15  ai.  BOV 

400K 

0.3 

iN841 

150 

150 

0  1  (A  )20V 

15  l«  120V 

400  K 

0.3 

IN843 

250 

150 

0  1  «i.  200V 

15  200V 

400K 

03  I 

1  1N844 

100 

200 

0  1^.  80V 

1546  80V 

400  K 

0.5  1 

1  1N84S 

200 

200 

0.1  160V 

15  4k  160V 

400K 

0.5  1 

1  *Moasurtd  in  JAN  ttst  circuit  and  switchad  from  30mA  forward  currant  to  -35V. 

1 

TYPICAl  CAPACITANCE : 

C  |,-2  2M*.f  C 

4.4«,f  C_, 

-90MA4f 

1 

Oparating  Tamp.  Ranga:  — 

65*C  to  4  150*C 

Storaga  Tamp.  Ranga:  -65*C  to  ^  ?00*C  | 

Creating  a  new  world  with  ELECTRONICS 


HUGHES  PRODUCTS 


Ol999  HUGHES  AIRCRAFT  COMRANY 

SEMICONDUCTOR  DEVICES  •  STORAGE  AND  MICROWAVE  TUBES  •  CRYSTAL  FILTERS  •  OSCILLOSCOPES  •  RELAYS  •  SWITCHES  •  INDUSTRIAL  CONTROL  SYSTEMS 
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for  faster, 
more  accurate 
research  and 
production  testing 
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For  pre<'ision  testing  of  400  cycle  ele<'tronic  assemblies,  the 
new,  exclusive  Westinghouse  high-frequency  bus  duct  dry- 
type  transformers  and  central  generator  system  will  jxjwer 
thousands  of  square  feet  of  production  and  latnjratory  space 
efficiently  and  easily. 

Westinghouse  400  cycle  |X)wer  systems  are  es[)ecially  de¬ 
signed  for  use  in  laboratories,  for  production  lines  or  o|)era- 
tional  areas,  for  radar  sites,  and  for  modern  airport  jxjwer 
facilities.  Minimum  voltage  drop,  low  line  imjjedance,  and 
precise  power  supply  are  assured. 

This  new  Westinghouse  system  has  many  advantages  over 
cable  conduit  or  multiple  M-G  set  methods. 

•  Provides  economy  and  flexibility  for  installation,  re¬ 
arrangement  and  expansion. 

•  Permits  closer  voltage  and  frequency  regulation. 

•  Permits  single  and/or  3-phase  load  take-offs. 

•  Requires  much  less  maintenance  and  provides  greater  over¬ 
all  plant  efficiency. 

•  Saves  space  in  power  line  runs  and  at  test  stations. 

•  Eliminates  wave  distortion  from  stray  radio  frequencies. 


The  3-  or  4-wire  bus  duct  is  available  in  re-usable  sections 
up  to  10  ft  long.  Plug-ins  (up  to  four  per  10-ft  ae<-tion)  can  be 
connected  or  dis<-onne<-ted  in.stantly,  without  de-energizing 
the  circuit.  Angles,  cro8.sovers  and  offsets  give  j'omplete 
flexibility  for  tight,  space-saving  installation.  Simple  se<'tion 
connectors  |)ermit  easy  separation  for  rerouting,  modiflcation 
and  expansion. 

The  built-to-order,  heavy-duty  generator  and  4(X)  cycle 
dry-type  distribution  transformers  are  completely  tested  and 
matchtnl  with  the  duct  installation  to  keep  system-wide 
im|)edan<-e  and  voltage  drops  at  the  lowest  jwssible  level. 
For  example:  at  200  amps  the  voltiige  drop  in  100  ft  is  only 
0.625  not  the  7  12  volts  of  other  systems. 

Take  advantage  of  the  Westinghoust*  ability  to  design  and 
install  a  .system  of  high-frequency  |)ower  generation  and  dis¬ 
tribution  to  fit  your  needs.  Contact  your  lo<-al  sales  engineer 
or  write:  Westinghou.se  Elwtric  Cor|K)ration,  P.O.  Box  868, 
3  Gateway  Center,  Pittsburgh  30,  Pennsylvania.  J-92036 


you  CAN  BE 


s(!RE...iFiTi  A\^stin^house  @ 

louse  LUCiLte  eALt-oesi  arnaz  shows"  ces  tv  Fridays 
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Magniflvd  photo  of  silicon  transistor  showing  Fixed  Bed 
Construction.  All  ports  ore  firmly  fastened,  with  no  sus¬ 
pended  parts  except  wire  lead.  Transistor  reacts  os  a 
solid  block  in  resisting  shock  and  vibration. 


New  NPN  Tetrodes 
high  temperature  i 


Charts  show  extreme  stability  of  performance  throughout  1000 
hours  of  life  for  beta  and  Icso.  Test  conditions  were  150  mw  at 
25°C,  200‘’C  storoge  and  25  mw  at  125°C.  Drift  rates  were  sub¬ 
stantially  the  same  under  all  conditions. 


»:  Higher  gain  at 
and  iow  current 


,  I- 


LARGE  QUANTITIES  OF  TYPES  3N36  AND  3N37  TESTED  AND  PROVED.  HIGH 
RELIABILITY  THE  RESULT  OF  TWO  YEARS  OF  MANUFACTURING  EXPERIENCE* 

M«chonicol  R*liobility 


Tm 

Results 

%  Survival 

3-ft  drop’thock 
(3300  G't.  Mil 

Si'd  calls  for  SMG's) 

2  out  of  595 

did  not  survive 

99.66 

Temparatur* 

cycling 

I-SSOC  fo  100®C) 

1  out  of  375 
did  not  survive 

99.78 

Life  Test  Reliability 

Cycled  power  @ 

50  mw  (device 
rated  at  30  mw) 

6  out  of  500  exceeded 
parameter  limits  at  1000  hours 

98.8 

Oven  @  83«C 

17  out  of  500  exceeded 
parameter  limits  at  1000  hours 

96.8 

Shelf 

No  parameter  failures 
of  500  units  at  1000  hours 

100.0 

*Gen«ral  Et#€tric't  rigid  stondordt  call  for  only  a  slight  shift  in  parameters 
to  be  a  ''failure/'  Many  of  these  "failures"  are  still  within  EIA  limits. 


■'i 


Absolute  Moximum  Ratings  (25^C) 

3N36 

2N37 

Collector  voltage  to  base  1  or 
base  2  (Vci) 

7 

7 

V 

Emitter  to  base  1  or  base  2  (Vet) 

-f  2 

-f  2 

V 

Collector  current  (Ic) 

-f  20 

-f  20 

mo 

Emitter  currant  (U) 

-  20 

-  20 

ma 

Bata  2  currant  (Iw) 

2 

2 

ma 

Total  Power  dittipatlon 

30 

30 

mw 

Here  are  two  new  germanium  transistors  that  operate 
on  lower  voltages,  require  less  current  and  are  more 
rugged  (see  hox  helow)  than  any  other  transistors  that 
perform  a  like  function.  Furthermore,  they  deliver  a 
high  and  constant  gain  at  various  voltages  and  at  low 
power  dissipation  levels.  Therefore,  they  are  not  only 
useful  at  high  temperatures,  hut  they  al.so  simplify  cir¬ 
cuit  design  and  eliminate  the  need  for  close  voltage 
regulation. 

Features:  Maximum  gain  at  1  ma.  5  volts  or  5  mw.  Flat 
gain  noise  factor  from  1  ma  to  .S  ma.  U  here  to  use  them: 
Mobile  communications  (made  possible  the  first  tran¬ 
sistorized  portable  receiver).  Wide  band  amplifier,  oscil¬ 
lator  and  switching  apj»lications  for  radar  and  video  at 
frequencies  to  2(X)  me.  Availability:  Now  .  .  .  from  your 
Oeneral  Klectric  Semiconductor  Sales  Representative  and 
in  stock  at  your  G-E  Semiconductor  Distributor’s. 


Output  capacity  (Cob) 

Noise  figure  (NF) 

Input  impedance  (hi«) 

Current  transfer  ratio  (hf*) 

Common  base  cutoff  frequency  (f«b) 
Common  Emitter  power  gain  (Go) 
Measurement  frequency 


2 

1.5 

ppf 

11 

11 

db 

100-127 

80  ilO 

ohms 

2.2Z  - 

81®  1.1/  -100® 

so  MIN. 

90  MIN. 

me 

11.5 

9 

db 

60 

150 

me 
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stability  of  G-E  silicon  transistors 


Uniform  characteristics  out  to  1000  hours  exhibited  by 
silicon  transistors  featuring  Fixed  Beil  Construction 


Comprehensive  tests  performed  on  General 
Electric  silicon  transistors  show  remarkably 
stable  performance  throughout  1000  hours  of 
oj)eration  at  high  temperatures.  F^ach  test  was 
run  on  seven  lots  of  fifty  Type  2N337  or  2N338 
transistors  (part  of  the  series  2N332  through 
339).  These  are  the  results: 

350  units  were  given  a  150  mw  operating 
test  at  25°C. 

Only  two  units  exceeded  parameter  limits,  a 
successful  performance  rate  of  99.4  percent. 
350  units  were  given  a  200® C  storage  test. 
Only  three  units  exceeded  parameter  limits,  a 
successful  performance  rate  of  99.1  percent. 

Fixed  Hed  Construction,  plus  stabilized  pro¬ 


cessing  makes  these  results  possible.  No  fluxes, 
resins  or  solders  are  used  —  only  a  gold  alloy 
which  forms  an  integral  bond  between  all  parts. 

Besides  the  demonstrated  electrical  charac¬ 
teristics,  General  Electric’s  silicon  transi.stors 
can  absorb  physical  punishment  far  beyond  nor¬ 
mal  specifications.  All  parts  are  solidly  fixed 
together  and  react  as  a  .solid  block  in  resisting 
shock  and  vibration.  Test  units  have  been  fired 
from  a  shotgun,  struck  with  a  golf  club  and 
rattled  freely  in  an  auto  hubcap  for  700  miles — 
and  worked  afterward. 

Fdectrically  and  mechanically,  this  series  of 
transistors  is  the  most  thoroughly  tested  and 
proved  today — your  as.surance  of  high  stability 
and  reliability,  (lall  your  General  F’lectric  Semi¬ 
conductor  Kepresentative  for  further  details. 


ABSOLUTE  MAXIMUM  RATINGS  AT  IS’C 


2N332-A  2N337-S 


ColUctor  to  bat*  voltogo 

45 

45 

volts 

Emitter  to  bose  voltago 

1 

1 

volt 

Collector  current 

25 

20 

mo 

Collector  power  dissipation 

150 

125 

mw 

Operating  temperature 

-65®C  to  I75®C 

- 

65®  to  150®C 

Absolute  Maximum 

Ratings  ot 

25°C 

Collector  to  base  voltage 

20  volts 

Emitter  to  base  voltage 

15  volts 

Collector  to  emitter 

roltage 

20  volts 

Collector  current 

300  ma 

Base  current 

50  ma 

Emitter  current 

300  ma 

Storage  temperature 

85 

“C  to  -65'C 

Operating  junction 
temperature 

85’C 

Power  dissipation 

150  mw 

Now  available  — 4  new 
NPN  alloy  transistors 


Four  new  germanium  switching  transistors,  made  by  the  highly  con¬ 
trollable  .Nl’.N  alloying  proce.ss,  are  now  being  warehoused  by 
(General  Electric  and  its  distributors.  The  four  transi.stors.  Ty|)es 
2X634,  -.S,  -6  and  2X388,  feature  extremely  consistent  parameters. 
Ico  f*)!*  instance,  multiplies  up  in  a  normal  fashion,  so  that  higher 
temperature  Ico  niay  he  predicted  from  low  tem|)erature  readings. 

The  transistors  provide  l.SO  mw  power  dissipation.  They  are  u.se- 
ful  in  emitter-follower  applications  in  computers,  high  current  flip- 
flops.  and  are  ideal  as  complementary  devices  to  1*XI*  computer 
transistors,  such  as  the  2X396. 


For  complete  information  call  your  General  Electric  Semiconductor  Sales  Representative,  your  G-E 
Semiconductor  Distributor,  or  write  Section  S25109,  Semiconductor  Products  Dept.,  General  Electric 
Company,  Electronics  Park,  Syracuse,  New  York. 


GENERAL 


ELECTRIC 


Semiconductor  Products  Dept.,  Syracuse,  New  York 
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...  As  dependable  as  the  engineering  and  construc¬ 
tion  effort  that  goes  into  the  product.  Just  as  depend¬ 
ability  is  built  into  precision  wrist  chronometers  — 
dependable  as  time  itself  —  so  reliability  engineering 
and  carelul  attention  to  construction  detail  are  two 
important  components  of  every  Cubic  digital 
instrument. 

Your  requirement  for  dependable  digital  systems  is 
Cubic’s  greatest  concern  .  .  .  and  each  precise  detail 
of  design  and  construction  receives  Cubic’s  constant 
attention.  Dependability  and  reliability  are  “built  in” 
with  such  features  as  “controlled  drive”  stepping 
switches,  in  which  the  switch  turns  off  the  drive  cir¬ 
cuit  part  way  through  its  cycle,  ending  overdrive  and 
eliminating  impact  wear.  Other  unique  design  fea¬ 
tures  provide  extra-long  lamp  life  in  the  ultra-brilliant 
readout  display,  sturdy  cabinet  construction,  transis¬ 
torization  for  longer  instrument  life  —  with  all  com¬ 
ponents  of  highest  quality  and  maximum  reliability. 


Unit  construction  with  standard  dimensions  provides 
Cubic  digital  “systems  that  design  themselves.”  Instru¬ 
mentation  for  monitoring,  control,  check-out,  in¬ 
spection,  calibration,  research  and  development  is 
provided  by  simple  combination  in  standard  racks  of 
DC  Voltmeters,  Control  Units,  DC  Pre-Amplifiers, 
AC  Converters,  Ohmmeters,  Scanners,  Ratiometers, 
Printer  Controls  and  Chronometers.  And  a  new  di¬ 
mension  in  instrument  readout  is  offered  by  the  Cubic 
Vocameter,  the  meter  that  talks!  Throughout  Cubic’s 
complete  line  of  digital  instruments,  dependability  is 
an  “off-the-shelf”  item. 

The  skill  and  experience  responsible  for  the  superior¬ 
ity  of  Cubic’s  Space  Age  electronic  tracking  systems 
are  also  important  engineering  and  production  com¬ 
ponents  of  Cubic  digital  instruments  —  yours  for  an 
easier  job  .  .  .  done  faster  .  .  .  better  .  .  .  and  with 
greater  assurance. 

CORPORATION 


5575  Keorny  Villa  Road,  San  Diego  11,  California 


bkctronic  Engineering  ^  With  a  Dimension  for  the  Future 


V 


fHffOt/CH  CHfMISf»y 


Wire  and  cable  insulation  of  TEFLON'' 
fluorocarbon  resins  gives  maximum  reliability 


A  NEW  MELT-PROCESSIBLE  “TEFLON"  RESIN.  This  plant  in 
Parkersburg,  W.Va.,  begins  production  of  TEFLON  FEPfluorocarbon 
resin  in  late  1959.  For  more  on  this  new  product  of  Du  Pont  re¬ 
search,  see  the  following  pages. 


Wire  harness  insulated  with  Teflon  TFE  resin 
is  used  for  navigation  system  of  Convair's  B-58 
bomber.  Insulation  gives  maximum  reliability  in 
high  ambient  temperature  environment. 


IN  LATE  1959  .  .  . 


Number  E-6 
in  a  series 

ELECTRICAL 

DESIGN 

Wire  and 
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BtITER  THINGS  FOR  BETTER  IIVING 


Teflon  fluorcx'arbon  resins  are  unique  as  dielectric  ma¬ 
terials.  No  other  wire  and  cable  insulations  can  offer  such 
outstanding  resistance  to  so  great  an  extreme  of  condi¬ 
tions.  No  other  insulations  can  provide  such  excellent 
electrical  properties  in  the  face  of  w  idely  different  operat¬ 
ing  requirements. 

In  the  next  three  pages  you  will  see  how  Teflon  resins 
can  help  you  overcome  your  tough  design  problems — 
with  savings  in  weight,  space  and  costs! 


t 


TFE  resins  save  space  ...  increase  reliability 
of  data-processing  equipment 

The  exceptional  electrical  properties  and  heat  resistance 
of  Teflon  TFE  resins  enable  the  manufacturer  of  this 
data-processing  equipment  to  save  space  and  increase 
over-all  reliability.  Thinner  insulation  can  be  used  with 
TFE  resins  because  of  their  low  capacitance  and  dissipa¬ 
tion  factor.  This  permits  considerable  reduction  in  out¬ 
side  diameter  of  the  cable  and  provides  important  space 
savings.  The  heat  resistance  of  TFE  resins  prevents  mi¬ 
gration  of  the  center  conductor  under  high  power  loads. 

Another  reason  for  selecting  a  TFE  resin  for  this  appli¬ 
cation  is  the  fact  that  the  center  conductor  can  be  soldered 
directly  to  the  pins  without  an  adapter.  TFE  resins  are 
unaffected  by  soldering-iron  temperatures. 

Photo  courtesy  of  International  Business  Machines  Corp. 


TFE  resins  lead  all  organic  insulations 
in  resistance  to  heat  aging 

For  the  Titan  ICBM,  the  Martin  Company  specifies, 
among  others,  wire  insulated  with  Teflon  TFE  resins  at 
the  launching  pad.  TFE  resins  are  used  for  insulation  of 
the  thermocouple  conductors  and,  in  special  cases,  for 
coaxial  and  triaxial  leads.  The  insulation  resists  the  ex¬ 
treme  heat  of  the  rocket  blast,  and  provides  minimum 
cable  capacitance  in  the  signal  circuits.  Overload  of  one 
wire  does  not  burn  or  fuse  adjacent  wires  insulated  with 
TFE  resins.  Conductors  are  protected  from  the  corrosive 
effects  of  missile  chemicals  and  solvents. 

The  outstanding  dielectric  properties  of  TFE  resins  re¬ 
main  virtually  unchanged  over  extremely  broad  ranges 
of  temperature,  frequency  and  time. 


Insulation  of  TFE  resins  Insures 
against  hIgh-temperature  overloads 

Wire  insulated  with  Teflon  TFE  resin  is  used  for  maxi¬ 
mum  reliability  in  Rocketdyne  engines  for  the  Thor  and 
Atlas  missiles.  In  this  application,  the  insulation  must 
withstand  high-temperature  overloads,  possible  exposure 
to  corrosive  or  reactive  missile  fuels,  the  severe  cold  of 
liquid-fuel  temperatures,  and  extreme  vibration  and  shock. 

TFE  resins  are  capable  of  continuous  service  to  at  least 
500°F.  They  can  be  used  at  much  higher  temperatures 
for  short  periods,  providing  an  important  margin  of  safety 
in  emergency  conditions.  TFE  resins  retain  appreciable 
mechanical  strength  and  exceptional  dielectric  properties 
at  such  temperatures. 


Photo  courtesy  of  Rocketdyne^  a  division  of  North  American  Aviation. 


p  HH  fSa 


8Sa?f  5; 

nasfficiHari 


Insulation  of  .TFE  resins  gives 


the  utmost  in  heat-resistance 
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New  Du  Pont  facilities  are  being  completed  at  Parkers¬ 
burg,  W.  Va.,  for  the  production  of  Teflon  FEP-fluoro- 
carbon  resins.  This  new  member  of  the  family  of  Teflon 
fluorocarbon  resins,  fluorinated  ethylene  propylene,  can 
beextrudedand  injection-molded  on  conventional  thermo¬ 
plastic  processing  equipment.  Thus,  it  brings  the  excep¬ 
tional  properties  of  fluorocarbon  resins  to  many  uses  not 
now  feasible  with  TFE  resin  .  .  .  Jacketing  for  wire  and 
cable,  thin  wire  coatings,  easily  fabricated  complex  shapes. 

This  full-scale  commercial  plant  for  production  of  FEP 
resin  will  go  onstream  in  late  1959.  Limited  quantities  of 
material  are  available  for  development  purposes  at  this 
time. 
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Melt-processible  TEFLON  FEP. resin 
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brings  new  design  opportunities 
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TEFLON  FEP-fluorocarbon  resin  goes  into 
commerciai  production  in  iate  1959 


Eariy  deveiopment  work  shows  FEP  resin 
to  be  exceiient  jacketing  materiai 

FEP  resin  has  been  made  into  a  number  of  wire  and 
cable  constructions.  This  multi-conductor  cable  used  on 
the  North  American  A3J  bomber  has  primary  insulation 
of  a  TFE  resin,  and  an  outer  jacket  of  FEP.  The  use  of 
TEE  resin  for  the  primary  insulation  permits  a  weight 
saving  of  8  pounds  per  1  ,(XX)  feet  of  cable.  The  tough,  heat- 
resistant  jacket  of  FEP  resin  gives  extra  reliability. 

Other  anticipated  uses  for  wire  constructions  of  EEP 
resin  are  shipboard  cable,  ground  control  cable,  power 
cable,  industrial  control  cable,  and  oil-well  cable  .  .  . 
or  any  installation  where  weather  resist¬ 
ance,  chemical  resistance,  heat  resistance 
and  exceptional  reliability  are  required. 


New  FEP  resin  is  excellent  dielectric 
at  all  frequencies  .  .  .  chemically  inert 

FEP  resin  has  a  fully  fluorinated  structure.  Thus,  it  has 
outstanding  electrical  properties  over  a  wide  range  of  fre¬ 
quencies  and  temperatures,  excellent  mechanical  proper¬ 
ties  and  chemical  inertness.  Its  dielectric  constant  of  2.2 
is  flat  over  the  frequency  range  of  100  cycles  to  above 
100  megacycles.  Its  dissipation  factor  is  less  than  0.000.3 
at  100  cycles  to  a  maximum  of  0.0007  at  I  megacycle.  In¬ 
sulation  resistance  is  so  high,  it  is  above  the  measurable 
range  .  .  .  and  this  property  is  not  afl'ected  by  heat  aging. 

FEP  resin  is  capable  of  continuous  service  at  400°F.  It 
is  easily  pigmented.  It  can  be  extruded  as  a  high-quality, 
chemical-resistant  jacket  in  long,  continuous  lengths.  It 
does  not  become  embrittled  on  heat  aging. 
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PROTECTION  AGAINST  SURGES  of  extreme 
heat  is  given  by  insulation  of  Ti  t  resins.  The 
interconnecting  wire  used  in  the  Bomarc  IM-W 
Interceptor  Missile  is  insulated  with  a  Ttt  resin 
for  this  important  reason.  Design  specifications 
involving  cramped  spaces,  tight  wiring  and  high 
ambients  are  often  best  met  by  wire  insulated 
with  F  IT-  resins.  Signal  and  power  are  delivered 
with  minimum  transmission  losses. 


CABLE  JACKETING  OF  FEP  RESIN  promises 
to  be  an  important  use  for  this  new  product  of 
Du  Pont  research.  The  three-wire  twisted  cable 
at  the  left  has  a  primary  insulation  and  Jacket  of 
l-fcP.  It  is  economical  to  make  because  KKP  is 
easily  extruded.  The  coaxial  cable  (center)  has  a 
Jacket  of  hhP  to  ward  off  chemicals  and  mois¬ 
ture.  The  complex  triaxial  cable  has  two  pig¬ 
mented  Jackets  of  Ftp  resin. 


INJECTION-MOLDED  COMPONENTS  are  also 
possible  with  FtP  resin.  Insulators,  coil  forms, 
tube  sockets  and  bases,  and  a  variety  of  other  in¬ 
tricate  electrical  components  can  be  easily  pro¬ 
duced  in  uuantity  to  close  tolerances.  Thus,  ex¬ 
citing  new  opportunities  for  improved  design  and 
greater  reliability  are  opened  by  the  availability 
ofTEFLON  fluorocarbon  resin  in  melt-processible 
form. 


Now,  more  lhan  ever,  it  is  important  that  designers  of 
electrical  and  electronic  equipment  become  familiar  with 
the  properties  of  Tfflon  fluorocarbon  resins.  And  it  is 
essential  that  specifications  involving  Tfft.on  resins  state 
whether  a  TFH  or  FHP  resin  is  desired.  In  many  in¬ 
stances,  different  fluorocarbon  resins  will  be  employed 
for  individual  elements  of  the  same  construction. 

TI  E  (tetrafluoroethylene)  resins  are  the  established 
standards  where  reliability  over  a  wide  range  of  severe 
conditions  is  important.  TEE  resins  are  rated  for  continu¬ 
ous  service  at  50()°E. 

EEP  (fluorinated  ethylene  propylene)  resin  is  the  new 
melt-processible  member  of  the  family  of  Tftlon  fluoro¬ 


FOR  MORE  INFORMATION 

If  you  would  like  further  design  und  end-use  information  about 
Dll  Pont  Teflon  resins,  contact  your  supplier  of  Teflon  fluorocarbon 
resins  (listed  in  the  Yellow  Pages  under  “Plastics — Du  Pont”).  For 
any  unanswered  technical  questions  about  these  resins,  write  to: 
F.  I.  du  Pont  de  Nemours  &  Co.  (Inc.),  Polychemicals  Dept.,  Room 
T-1510  Nemours  Bldg.,  Wilmington  98,  I^laware 

///  Canada:  Du  Pont  of  Canada  Ltd.,  P.D.  Box  6(>0,  Montreal  Quebec. 

Teflon  is  Du  Pant's  registrred  trademark  for  its 
fluorocarbon  tesins. 


carbon  resins.  Because  FEP  resin  is  a  true  thermoplastic, 
it  can  be  molded  and  extruded  like  nylon,  polyethylene 
and  other  resins  familiar  to  industry.  It  is  capable  of  con¬ 
tinuous  service  at  40()°F. 

When  FEP  resin  becomes  a  commercial  product  in  late 
1959,  it  is  expected  to  join  TFE-fluorocarbon  resin  as  a 
design  standard  where  extreme  environmental  conditions 
are  encountered  in  service  or  in  storage.  And  even  for 
service  w  here  ambient  conditionsare  not  strenuous.  Teflon 
fluorocarbon  resins  deserve  consideration  because  of  their 
non-aging  characteristics.  For  reliable,  trouble-free  serv¬ 
ice,  wire  and  cable  insulated  with  Teflon  fluorocarbon 
resins  are  your  best  bet. 
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HOW  TO  MEASURE  VSWR 


This  microwave  measurement  bench  is  for  the  determination  of  Voltage  Standing 
Wave  Ratio  using  the  slotted-line  technique.  Other  systems  utilizing  directional 
couplers  or  magic  tees  for  measurement  of  VSWR  are  known,  but  the  use  of  the 
Slotted  Section  assures  maximum  accuracy. 

Regardless  of  the  technique  used,  accurate  readings  depend  on  the  precision  of 
the  test  instruments  involved.  When  it  comes  to  microwave  test  instruments  PRO 
produces  the  widest  range  of  the  most  precise  equipment  available  anywhere  in 
the  world. 


You  will  notice  in  the  measurement  bench  shown  that  there  are  four  test  com¬ 
ponents  separating  the  klystron  tube  mount  from  the  Slotted  Section.  These  are: 
A  Slide  Screw  Tuner,  ferrite  Isolator,  Level  Set  Attenuator,  and  a  broadband  direct 
reading  Frequency  Meter.  THE  USE  OF  THESE  FOUR  COMPONENTS  IN  THE 
TEST  LINE  IS  MANDATORY  FOR  PRECISE  VSWR  MEASUREMENTS! 

The  reason  for  this  is  clear  when  you  consider  the  interrelationship  between 
VSWR,  power,  and  frequency. 

The  Slide  Screw  Tuner  is  used  to  match  the  klystron  output  to  that  of  the  tandem 
test  line,  thereby  maximizing  its  output  and  increasing  its  stability. 

The  use  of  the  ferrite  Isolator  assures  klystron  frequency  and  power  stability  by 
shielding  the  source  generator  from  changes  in  impedance  further  down  the  line. 
It  accomplishes  this  with  negligible  attenuation  of  the  incident  power.  The  Level 
Set  Attenuator  is  used  to  adjust  the  amount  of  power  feeding  the  remainder  of  the 
test  line. 

The  reaction  Frequency  Meter  accurately  monitors  the  output  of  the  klystron 
by  a  resonant  dip  on  the  Standing  Wave  Amplifier. 

A  Slotted  Section,  tuned  Broadband  Probe,  Standing  Wave  Amplifier,  and  matched 
Termination  complete  the  precision  waveguide,  X-band,  VSWR  bench.  A  Klystron 
Power  Supply  to  provide  the  signal  source  with  power  and  modulation  and  a  Fixed 
Waveguide  Attenuator  to  simulate  the  unknown  are  also  shown. 

Special  problems  in  VSWR  and  other  related  measurements?  —  Contact  our 
Applications  Engineering  Department. 

We  at  PRD  have  pioneered  the  development  of  precision  microwave  test  instru¬ 
ments  .  .  .  PRD  is  the  only  pioneer  company  today  producing  microwave  test 
instruments  exclusively.  In  fact,  we're  just  about  the  largest  microwave  company 
in  the  world  .  .  .  our  cable  address  is  MICROWAVE,  New  York,  USA. 

For  technical  details  and  specifications  covering  products  shown  write: 


TEST  INSTRUMENTS  USED 
IN  THIS  X-BAND  VSWR  BENCH 
I  809  Klystron  Power  Supply,  catalog  page  F-10 
z-703  Shleluod  Tube  Mount,  catalog  page  F-8 
a-303-A  Slide  Screw  Tuner,  catalog  page  B-14 
1-1203  Isolator,  catalog  page  A-21 

5- 159-A  Level  Set  Attenuator,  catalog  page  A-17 

6- 535  Frequency  Meter,  catalog  page  0-12 

7- 203-D  Slotted  Section,  catalog  page  B-11 
a-250-A  Broadband  Probe,  catalog  page  B-12 
V-277-A  Standing  Wave  Amplifier,  catalog  page  E-7 

lo  UNKNOWN  -represented  by  a  140  Fixed  Waveguide 
Attenuator,  catalog  page  A-11 
II-116-A  Waveguide  Termination,  catalog  page  A-19 


MICROWAVE  ENGINEERS-SCIENTISTS 

Positions  offering  stimulating  cliallonges  with 
unlimited  potential  are  now  open  at  PRO.  Please 
address  all  inquiries  to  Mr.  A.  E.  Spruck,  PRO, 
202  Tillary  Street,  Brooklyn  1,  New  Tork. 


Polytechnic  Research  and  Development  Co.,  Inc. 

202  Tillary  Street,  Brooklyn  1,  New  York.  Telephone:  ULster  2-6800 
West  Coast  Office:  2639  So.  La  Cienega  Blvd.,  Los  Angeles  34,  California.  Telephone:  UPton  0-1940 
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Never  before  have  knowledge  and  judgment  been  so  vital  in  steering  a 
successful  defense  course.  Here's  what  Pentagon  officials  are  saying 


By  JOHN  F.  MASON,  i-’.iiiiDr 


WASHINGTON,  I).  C.— A  recent 
series  of  personal  interviews  with 
top  Defense  Department  policy 
makers  and  military  otficials  turns 
a  briKht  lijrht  on  a  number  of  dark 
spots  in  the  road  ahead  for  the 
electronics  industry. 

Here  are  some  of  the  problems 
and  conflicts  facinp  the  DOD,  how 
they  are  apt  to  be  resolved,  and 
what  effects  these  solutions  will 
have  on  our  indu.stry; 

Despite  Khrushchev’s  disarma¬ 
ment  j)r(iposal,  U.  S.  Treasury  di¬ 
lemmas,  and  a  now-operational 
K'H.M,  the  Defense  bud<ret  appears 
to  be  set  close  to  $41  billion  a  year 
for  the  next  three  to  four  years. 

A  heavy  ronj;ressional  foot  on 
the  budjret  lid  immediately  presents 
the  problem  of  how  to  meet  the  ris- 
iiifr  costs  of  increasingly  complex 
weapons  .systems.  Abandoninjr  lim¬ 
ited  war  requirements  in  favor  of 
preparing  atrainst  a  total  push  is 
not  beiiiK  considered  as  a  solution. 
Doth  brush-fire  and  all-out  threats 
will  be  met  with  continued  buyinj; 
of  hardware  for  each. 

Financial  ends  will  be  forced  to 
meet  in  other  ways. 

How  DOD  Will  Cut  Costs 

At  the  first  si^ns  of  obsolescence 
— technological  or  tactical — systems 
under  development  will  be  cancelled 
without  delay.  Look  drawn-out  de¬ 
bates  on  relative  merits  of  similar 
weapons  will  be  brought  to  a  money- 
saving  halt  by  the  office  of  Herbert 
F.  York,  Pentagon’s  Director  of  Re¬ 


search  and  Engineering.  Congres¬ 
sional  proddings  to  keep  constitu¬ 
ents  back  home  in  business  will  also 
have  less  appeal. 

Greater  selectivity  will  be  exer¬ 
cised  before  starting  new  programs. 
The  DOD  will  not  translate  service 
desires  into  .service  needs  as  easily 
as  in  the  past. 

Though  fewer  systems  will  be  de¬ 
veloped,  electronics’  portion  of  the 
ttttal  dollar  market  will  increa.se. 
One  rea.son  systems  are  costing 
more  is  the  added  automation  made 
possible  by  electronics. 

How  this  greater  selectivity  will 
affect  our  industry,  however,  will  lie 
in  the  greater  concentration  of 
in  ime  contract  awards  among  fewer 
companies.  More  subcontracting 
will  be  ensured  due  to  urging  by 
Congress,  efforts  of  the  Small  P.usi- 
ness  .Administration  and  services 
themselves. 

More  Subcontracting 

.More  l)ig  companies  will  work  as 
subs  to  other  big  companies  and  to 
small  firms  as  well.  Nearly  half  of 
the  prime  contract  funds  awarded 
to  the  top  1(10  prime  contractor 
firms  in  1U58  went  to  subcontract¬ 
ors.  This  percentage  will  go  up. 

USAF  assures  more  subcontract¬ 
ing  by  its  “make-or-buy”  clau.se: 
On  signing  a  contract,  joint  buyer- 
contractor  determinations  are  made 
as  to  which  components  the  con¬ 
tractor  will  build  in  his  own  plant 
or  buy  outside.  I.ater  changes  in 
original  plans  must  be  justified  on 


the  grounds  of  better  quality, 
faster  delivery,  or  greater  economy. 

This  plan  is  intended  to  prevent 
the  prime  from  expanding  into  new 
areas  of  production  where  adequate 
subcontracting  capability  already 
exists.  Along  with  this  same  think¬ 
ing,  is  the  DOD’s  intention  to  re¬ 
strict  further  government  financing 
of  industrial  facilities.  This,  too, 
will  increase  subcontracting  work. 

The  subcontractor  is  likely  to  find 
him.self  in  closer  contact  with  the 
government  than  he  has  been  be¬ 
fore.  As  a  result  of  the  General 
Acc(»unting  Office’s  recent  claims 
that  primes  had  overcharged  the 
DOD,  prime  contractors  and  first- 
tier  subs,  where  sums  over  $100.()0() 
are  involved,  will  have  to  sign  cer¬ 
tificates  of  accuracy.  Subs  can  ex¬ 
pect  DOD  inspectors  directly  check¬ 
ing  their  books,  quality  control 
techniques,  and  other  areas  hereto¬ 
fore  left  up  to  themselves. 

Kinds  of  Contracts 

Whenever  possible,  the  DOD 
awards  a  fixed  price-price  redeter¬ 
mination  contract.  The  incentive  to 
cut  costs  is  built  in.  However,  if  the 
redetermination  of  price  is  not 
checked  frequently,  the  final  cost  is 
higher  than  expected  and  the  end 
result  may,  in  effect,  turn  into  a 
cost-plus-fixed-fee  type  contract. 

U.se  of  the  CPFF,  or  the  CI’IF 
(cost  plus  incentive  fee),  is  defi¬ 
nitely  on  the  ri.se  (:i8.2  percent  of 
all  dollars  awarded  during  .luly- 
Dec.,  19.58,  were  by  cost-plus  con- 
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tracts.  Greater  use  of  cost  plus 
results  from  an  increase  in  develop¬ 
ment  contracts  for  new  systems  for 
which  the  cost  is  unknown.  Kinds 
of  incentives  for  which  the  con¬ 
tractor  is  rewarded  have  broadened 
to  include  performance  awards. 

BuShips  has  started  using  a 
value  engineering  clause  which 
soon  will  be  extended  throughout 
the  other  Navy  bureaus.  Contract¬ 
ors,  on  reviewing  design,  develop¬ 
ment  and  production  methods,  may 
recommend  co.st  savings  to  the 
Navy.  On  acceptance,  the  contractor 
is  allowed  a  share  of  the  savings. 

After  the  CPFF  is  far  enough 
along  to  estimate  costs,  the  DOD 
likes  to  convert  to  a  fixed-price 
agreement. 

Other  types  of  contracts  cur¬ 
rently  in  u.se  include:  Co.st  contracts 
for  non-profit  organizations;  co.st 
sharing  (when  the  product  has  high 
commercial  potential  the  govern¬ 
ment  will  share  the  co.st  with  the 
contractor,  letting  the  contractor 
wait  for  profit  from  the  commercial 
market)  ;  time  and  material  con¬ 
tracts,  for  repair  work;  fixed  price 
plus  labor  escalator  clau.ses,  etc. 

The  DOI)  is  very  anxious  to  come 
up  with  a  completely  new,  cure-all- 
evils  kind  of  contract.  However,  no 
one  seems  to  know  at  the  moment 
what  form  this  panacea  would  take. 


high  shock  and  vibration  resistance  ••• 

0.5%  accuracy. ..self-torquing  for  system  testing.* 

This  hermetically  sealed  linear  accelerometer  for  missile  and  air¬ 
craft  applications  has  an  extremely  sensitive  differential  trans¬ 
former  pick-off.  It  will  measure  accelerations  from  V4g  to  50g. 
Viscous  fluid  damping  is  provided  over  a  wide  temperature  range. 
*The  pick-off  is  wired  with  additional  taps  to  allow  a  DC  or  AC 
excitation  (Filterable  from  pick-off  excitation)  to  be  superimposed. 
This  torques  the  restrained  pendulum  in  either  direction  fron\null. 


•  cr«o$ 
fKSSUK 
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CONTROLS  CORPORATION  / 

''components  oivision  • 

2?5  P«k  Av«.  ;  6lll  E  Wjshmjton  / 

Hicksvill.,  1.  I.,  N  Y.  ,*  Loj  Angeles.  Cel  • 

A  Subsidiary  of  Fairchild  Camara  and  Inatrumant  Corporation 


Letter  Contracts 

Letter  contracts — a  headache  for 
the  DOD  and  industry  alike — will 
probably  be  made  definite  more 
quickly  in  the  future.  Costs  go  un¬ 
monitored  by  the  DOD  during  these 
letter-contract  interims  and  the 
contractor  suffers  from  uncertainty. 
As  long  as  a  letter  contract  is  in 
effect,  the  contractor  is  paid  70-per-  ; 
cent  progress  payments.  However,! 
when  the  contract  is  finally  drawn 
up — if  it  is  a  cost-type  contract — | 
the  contractor  gets  80  percent  of 
the  allowable  items  of  cost. 

Average  profits  on  government 
contracts,  as  revealed  by  the  indi¬ 
vidual  services,  show: 

Army :  Normal  range  of  profit  for 
cost;  for  R&D,  4  to  9  percent. 
7  to  10  percent  of  e.sti  mated 
cost;  for  R&D,  four  to  9  percent. 
These  Army  figures  do  not  include 
contracts  awarded  after  formal  ad¬ 
vertising  since  such  contracts  do  not 
permit  a  review  of  pricing  details. 

Navy:  F'ees  paid  for  R&D  work 
(Continued  on  p  .'ll) 


General  Characteristics 

Rinit  to  ±50| 

UnSinipM 

Mturat  frtqutnqr  10  175  cps 
Outp.t  Differential  Transformer  6  Wits 

into  a  lOK  load.  400  cps  phase 
sensitive 

Nell  IS  to  50  k«V 

Accaracy  Including  linearity,  hysteresis, 

and  repeatability  after  light  tap¬ 
ping — 0.5%  of  full  scale  to  half 
scale. 


Length  > 
lyn"  Diameter 
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More  engineers  specify  Trimpot  because: 
Trimpot  line  is  complete 

Bourns  offers  you  the  largest  selection 
of  leadscrew  actuated  potentiometers... 
20  basic  models— 4  terminal  types— three 
mounting  methods. 

Trimpot  is  small 

Space  saving  size  and  rectangular  shape 
permit  the  installation  of  12  to  17  units  in 
one  square  inch  of  panel  area. 

Trimpot  is  accurate 

Multi -turn  screwdriver  adjustment  pro¬ 
vides  9000°  of  rotation  ..  .you  can  make 
and  repeat  the  finest  adjustments. 

Trimpot  is  stable 

Adjustment  shaft  is  self-locking... set¬ 
tings  are  virtually  immune  to  severe  accel¬ 
eration,  vibration  and  shock. 

Trimpot  is  fully  tested 

All  instruments  are  100%  inspected  before 
shipment  to  assure  you  of  reliable  per¬ 
formance. 

Trimpot  is  proved 

It  is  used  in  more  military  and  commercial 
equipment  than  any  other  leadscrew  actu¬ 
ated  potentiometer. 


Largest  selection 


Trimpot 

the  original  leadscrew- 
actuated  potentiometer 


Only  Bourns  Trimpot  potsntiometers  give  you  thess  outstanding  features 


MDV-Hi(h-ttnip«ritur*,  th«r- 
MMttinf  pliitic  bedy  It  tttM. 
•luMinf  potMtiOfnettr  to  moot 
Ull-Se«ct  for  humiStty.  itsii. 
Sett,  funcut,  ult  tproy,  ote. 

■  y 


couictot  BAft-Prcckwt  isotol 
colloctor  bw  providot  potitivo 
tioctrfcal  conuct,  improves  po- 
tontiOMOtor  performtnce  ond 
rotlability. 


WIKK  CAPItlAfiC-Spocitl  hitb- 
tomporst^  plastic  carriaco 
with  prtcTous  matal  contact 
sprint  pormits  osact  sottints 
and  stability  under  sovcro  tn> 
vironmontal  conditions. 


SHAFT  HCAO-StaliHcst  stoet 
with  nachfned  slot  for  tcrdw* 
driver  adjustment.  Sictlt  mill* 
tary  salt  spray  raquiraments. 


O-NING-Silicon  rubber  O-rtni 
tOals  potentiometer  aiainst 
humidity,  withatends  high 
ten^raturt. 
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Longest  record  of  reliability 


General  Purpose  Wirewound  Trimpot— Model  200. 
Operates  at  105  C  /  L,S,P  terminals  /  1  /4  watt  / 
10  ohms  to  100K.  Available  as  rheostat,  Model  201. 


High-Resistance  Wirewound  Hi-R'  Trimpot— Model 
207.  Operates  at  175  C  /  L  terminal  /  2  watts  /  100 
ohms  1o  100K.  Available  as  rheostal,  Model  208  Hi-R 
.Trim  R‘ . 


Dual-Element  Wirewound  Twinpof  — Model  209.  Op¬ 
erates  at  105  C  /  L  terminal  /  1 1*  watt  /  10  ohms  to 
20K.  Two  potentiometer  outputs  with  one  adjustment 
shatt. 


General-Purpose  Carbon  Trimpot— Model  215.  Op¬ 
erates  at  125  C  /  L.S.P  terminals  / 1  /4  watt  /  20K  to 
1  Meg.  Available  as  Mil-Spec  humidity-proof  unit, 
Model  235  (IK  to  10  Meg). 


Subminiature  Wirewound  Trimpot— Model  220.  Op¬ 
erates  at  175‘^C  /  L  &  W  terminals  / 1  watt  / 100  ohms 
to  20K.  Meets  Mil-Specs  for  humidity. 


Panel-Mount  Trimpot 

All  models  are  now  available  with  the  added  con¬ 
venience  of  panel  mounting.  Unique  design  permits 
quick  factory  attachment  of  rugged  panel-mount 
assembly  to  standard  "on-the-shelf"  Trimpot  poten¬ 
tiometers.  The  Panel  Mount  Trimpot  takes  as  little 


Key  to  terminals 


L  -  insulated  stranded  leads 


g°i  'i°r 

S  -  Solder  lugs  (Model  224  only) 


lk> 

1  B 

Solder  lugs 

"T 

_ 

4 

P  -  Printed  circuit  Pins 


W  -  uninsulated  Wires 


Standard  resistances  (ohms) 

to  SO  200  IK  SK  20K  100K  SOOK 

20  too  500  2K  tOK  SOK  200K  IMeg 


Other  Resistances  Available 


WktnizBlOB 


High-Temperature,  Humidity-Proof  Wirewound 
Trimpot— Model  224.  Operates  at  t75  C  /  L.S.P 
terminals  /  1  watt  /  100  ohms  to  100K.  Meets 
Mil-Specs  for  humidity. 


Humidity-Proof  Wirewound  T rimpot— Model  236. 
Operates  at  135  C  I  L.S.P  terminals  /  0.8  watt 
/ 10  ohms  to  100K.  Meets  Mil-Specs  for  humidity. 


High-Temperature  Wirewound  Trimpot— Model 
260.  Operates  at  175°C  /  L.S.P  terminals  / 1  watt 
/  10  ohms  to  100K. 


\ . TrnstT* . .  W 

X  n\-"w-\Qv  _ .W 


High-Quality  Commercial  Wirewound  Trimit*— 
Models  271,  273,  275.  Operates  at  85  C  /  L.S.P 
terminals  /  1  /4  watt  /  100  ohms  to  10K. 


High-Quality  Commercial  Carbon  Trimit  — 
Models  272,  274,  276.  Operates  at  8SX  I  L.S.P 
terminals  /  0.2  watt  /  20K  to  1  Meg. 


Low  Cost  Commercial  Wirewound  E-Z  Trim*— 
Model  277.  Subminiature— 1 '  *  17/64'  i  5/16*. 
Tapered  all-purpose  lug  terminals  /  1/2  watt  / 
too  ohms  to  10K.  For  computers,  test  equipment, 
industrial  control  systems,  etc. 


as  1  /12  sq.  inch  of  panel  space,  meets  Mil- 
Specs  for  vibration,  shock,  salt  spray,  etc.  Re¬ 
cessed  head  prevents  accidental  changes  of 
setting.  Silicon  rubber  0-rlng  and  Teflon  washer 
provide  moisture  barrier. 


Write  for  detailed  specifications  and  list  of 
stocking  distributors. 


^oxjR.isrs 

Inc. 

IVO.  Box  2n2p,  Hivrrvidr,  (California 
BlanlH:  Kiversifir,  (California 
an<f  Anw-4,  lo^a 


In  Candiia:  KAnflaM  Ltd.,  lirrnaee 


Exclusive  manufacturers  of  TRIMPOT  i'.  TRIMITfi-.  Pioneers  in  potentiometer  transducers  for  position,  pressure  and  acceleration. 
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THE  TROUBLE 
WITH  PRINTED 
CIRCUITS— 

AND  HOW  CDF 
WORKS  TO  SOLVE  IT 

The  honeymoon  is  long  since  over;  sup¬ 
pliers  and  manufacturers  are  engaged 
now  in  the  humdrum  activity  of  making 
printed  circuits  work.  The  industry 
found  in  time  that  there  was  still  a  long 
way  to  go  before  the  magic  of  printed 
circuitry  was  proved  incontrovertibly  in 
practice.  The  truth;  Too  many  mass- 
produced  printed  circuits  simply  were 
no  good.  Why? 

The  trouble  was  not  in  the  theory.  Or 
in  approved  manufacturing  techniques. 
It  lay — and  still  lies — in  raw  materials, 
primarily  in  the  consistency  of  quality 
of  base  laminates. 

We're  not  here  to  say  that  CDF  has  a 
totally  rosy  record  in  this  field.  No,  we've 
had  our  share  of  failures  along  with  our 
many  triumphs.  In  fact,  our  failures  dur¬ 
ing  the  early  years  of  copper-clad  lami¬ 
nates  taught  us  certain  important  things 
that  our  competitors  have  yet  to  learn. 

But  we  do  emphasize  this;  We've 
made — and  are  still  making — great  prog¬ 
ress  at  CDF  in  licking  problems  that 
have  beset  the  printed-circuit  producer 
and  the  printed-circuit  user  in  obtaining 
top-quality  laminates  on  every  order, 
regardless  of  grade. 

Here,  for  example,  are  a  few  areas 
where  CDF  R&D  has  been  particularly 
active; 


CONTINENTAL-DIAMOND  FIBRE 
NEWARK  16,  DELAWARE 


Please  send  me  the  following  CDF  literature; 


1.  Consistent  quality.  A  major  cause 
for  printed-circuit  rejects  has  been  de¬ 
lamination  and  blistering  of  the  base 
laminates  when  subjected  to  high  tem¬ 
peratures  in  processing.  New  develop¬ 
ments  in  CDF  raw-materials  control 
promise  a  heartening  break-through 
in  this  respect.  Also,  CDF  technical 
personnel  are  engaged  in  counseling 
circuit  manufacturers  in  optimum 
handling  and  processing  techniques. 

2.  Foil-bond  strength.  Certain  metal- 
clad  laminates  seem  to  pass  the  most 
rigid  laboratory  tests,  only  to  fail  at  the 
end  of  manufacture  when  dipped  in 
solder  or  when  put  through  long-term 
operational  tests  at  elevated  tempera¬ 
tures.  The  foil-bonding  strength  of  CDF 
Di-Clad®  laminates,  however,  is  rec¬ 
ognized  throughout  the  industry  as 
superior  in  every  grade. 

Nevertheless,  improvements  are  being 
made  daily  in  foil  adhesives  and  bonding 
methods  at  CDF,  and  bond  strengths  are 
being  increased — not  only  in  number  of 
pounds  required  for  foil  separation,  but 
in  length  of  safe  solder-immersion  and 
high-temperature  operation  time. 

3.  Range  of  selection.  CDF  has  con¬ 
sistently  offered  the  widest  range  of 
metal-clad  grades — in  phenolic  and 
epoxy  paper-base,  epoxy-glass,  and 
Teflon*-glass.  And  CDF  Di-Clad 
Teflon-glass  grades  remain  the  only 
laminates  of  their  kind  approved  by 
the  military.  CDF  Technical  Bulletin 
11,900  gives  the  latest  information  on 
all  Di-Clad  printed-circuit  grades. 

♦  du  Poni's  TFE  fluorocarbon  resin 

4.  Flexible  grades.  Newly-perfected 
flexible  grades  of  CDF  Di-Clad  promise 


the  designer  even  greater  freedom.  One 
of  the  headaches  in  the  use  of  printed 
circuits  has  been  their  rigidity.  They 
tend  to  hamper  independent  movement 
and  vibration  of  connected  systems. 
They  occasionally  dictate  inconvenient 
housing  shapes.  Flexible  printed  circuits, 
however,  overcome  these  objections  and 
provide  many  additional  benefits  of  their 
own.  Details  on  how  CDF  flexible 
Di-Clad  materials  can  help  see  you  out 
of  a  printed-circuit  problem  can  be 
obtained  from  your  CDF  sales  engineer. 
Look  up  his  phone  number  in  the 
Product  Design  File  (Sweet's),  Elec¬ 
tronics  Buyers'  Guide,  or  your  own 
CDF  catalog.  Or  send  us  your  print 
or  your  problem,  and  we'll  return 
recommendations  based  on  your  in¬ 
dividual  needs. 

NEW  CDF  LITERATURE 

Information  on  new  grades,  special  ap¬ 
plications,  and  outstanding  properties 
of  CDF  insulating  materials  is  made 
available  regularly  through  CDF  Tech¬ 
nical  Bulletins  and  Folders.  The  follow¬ 
ing  literature  is  new.  For  copies  of  any 
bulletins  listed,  send  the  coupon  below. 

CDF  Di-Clad  Laminates— 

Bulletin  11,900 

CDF  Skived  Tapes  of  Teflon- 
Bulletin  97 

CDF  Pressure-Sensitive  Tapes  of  Teflon 
Bulletin  102 

CDF  Grades  Meeting  NtMA,  ASTM, 

Federal,  and  Military  Specifications— 
Bulletin  10,100 

CDF  Dilecto"  Paper-Base  Laminates— 
Bulletin  11,110 

CDF  Dilecto  Epoxy  Laminates— 
Bulletin  11,200 
CDF  Spiral  Tubing- 
Bulletin  14,000 


Name 

Title 

Company 

Street  Address 

City 

Zone  State 

CONTINENTAL-DIAMOND  FIBRE 

A  SUBSIDIARY  OF  THE  Afew//'  COMPANY  .  NEWARK  16,  DEL. 
in  Canada:  46  Hollinger  Road,  Toronto  16,  Ontario 

50  CIRCLE  50  ON  READER  SERVICE  CARD 


OCTOBER  16,  1959  •  ELECTRONICS 


F-  '  '  ... 

I 


I'l  III 
4 

It- 


I 


U.S.  Defense  .  .  . 

(Continued  from  p  47) 

under  CPFF  contracts  average 
about  6.5  percent.  The  final  pricing 
of  fixed-price  incentive-type  con¬ 
tracts  shows  a  profit  range  of  from 
8  to  15  percent  of  the  costs. 

USAF :  Air  Research  and  Devel¬ 
opment  Command’s  contracts  re¬ 
sulted  in  profits  from  4  to  10  per¬ 
cent,  with  an  average  of  6.1  percent. 
Records  kept  by  Air  Materiel  Com¬ 
mand  on  90  percent  of  the  dollar 
volume  of  R&D  contracts  showed  a 
profit  ranging  from  4  to  7  percent. 

Renegotiation  Board 

All  companies  doing  over  $1  mil¬ 
lion  in  business  with  the  govern¬ 
ment — whether  by  prime,  sub  or 
supplier  contract.s — must  file  with 
the  Renegotiation  Board.  A  num- 
l)er  of  factors  are  taken  into 
consideration  besides  ju.st  the  per¬ 
centage  of  profit.  These  may  in¬ 
clude  risk  involved,  performance  of 
the  end  product,  delivery  date,  etc. 
Though  Congress  continues  to  fight 
for  competitive  bidding — which  by 
law  calls  for  formal  advertising — 
as  oppo.sed  to  contract  by  negotia¬ 
tion,  the  records  show  poor  returns 
for  its  efforts. 

During  the  last  half  of  1958,  24- 
percent  of  money  contracted  i)y  the 
Navy  was  by  formal  advertising. 
•About  25  percent  was  by  negotia¬ 
tion  after  competition  between  two 
or  more  suppliers.  .And  the  remain¬ 
ing  49  or  50  percent  was  negotiated 
with  one  firm  which  has  been  se¬ 
lected  after  design  competition 
among  several  prospective  pm- 
ducers. 

USAF,  during  fi.scal  year  1958, 
negotiated  95.8  percent  of  its  U.  S. 
business. 


How  to  Succeed 

Many  small  companies  continue 
to  make  the  grade,  however,  and 
come  out  with  big  profits  and 
growth.  How  can  a  commercial  elec¬ 
tronics  firm  best  get  into  govern¬ 
ment  business?  Several  budget  and 
procurement  policy  officials  an¬ 
swered  this  question  the  same  way : 
“Hire  inventive  design  engineers 
and  maybe  a  few  college  professors 
and  come  up  with  a  new  .system.  A 
new  and  good  idea  puts  the  smallest 
company  on  a  par  with  the  biggest.” 


More  than  13,000  engineers  and  businessmen  visited  282  booths  at  NEC  this  week 


NEC  Program  Makes  Big  Hit 

Adaptive  servomechanisms  hold  interest  at  15th 
National  Electronics  Conference 


CHICAGO — One  top  technical 
subject  at  the  15th  annual  National 
Electronics  Conference  held  here 
earlier  this  week  was  adaptive 
servomechanisms. 

According  to  NEC  program 
chairman  M.  E.  Van  V'alkenburg, 
the  heavy  turnout  for  this  session 
was  reminiscent  of  a  similar  turn¬ 
out  for  the  .same  subject  at  an  Air 
Force  meeting  at  Wright-I’atterson 
AFB.  The  subject  of  adaptive 
servomechanisms  has  been  crystal¬ 
lized  in  recent  years  by  the  use  of 
digital  computers  in  feedback  con¬ 
trol  .systems. 

Over  18,000  engineers  and  busi¬ 
nessmen  regi.stered  for  NEC.  They 
chose  from  among  125  papers  pre¬ 
sented  at  28  technical  sessions  and 
visited  282  exhibit  booths. 

Lively  interest  was  apparent  at 
Monday  evening’s  panel  discussion 
on  recruiting  .scientific  personnel. 
The  panel  was  moderated  by  .John 
1).  Ryder  of  Michigan  State  Uni¬ 
versity.  One  NEC  executive  re¬ 
marked  the  subject  should  have 
been  called  “recruiting  and  pirating 
of  .scientific  personnel.” 

Receive  Awards 

Technical  .sessions  on  perception 
and  recognition,  information  the¬ 
ory,  navigation  and  guidance,  and 
parametric  amplification  were  all 


well  attended.  Strong  interest  was 
shown  in  a  talk  on  the  exploding 
problem  of  information  and  data- 
handling,  by  .John  G.  Green  of  the 
Dept,  of  Commerce. 

A.  J.  Buxton  and  M.  O.  Felix, 
both  of  Canadian  Westinghouse,  re¬ 
ceived  the  NEC  Conference  Award 
for  their  joint  paper,  “The  Per¬ 
formance  of  F-M  Scatter  Sy.stems 
Using  F'requency  Compression.” 
The  award  honored  their  coinven¬ 
tion  of  a  method  to  improve  .scatter 
communications  .systems  by  reduc¬ 
ing  undesirable  noise.  The  scatter 
system  is  used  for  long-range,  be- 
yond-the-horizon  transmission  of 
voice,  television,  teleprinter,  fac¬ 
simile  and  telemetering  signals 
over  hops  of  100  to  200  mi.  Ca¬ 
nadian  Westinghouse  is  currently 
working  on  scatter  projects  for  the 
Royal  Canadian  Air  Force,  U.  S. 
Air  Force  and  in  addition.  Supreme 
Headquarters,  Allied  Powers  in 
Europe. 

The  1959  NFIC  Fellowship  Award 
to  promising  graduate  student  in 
electronics  was  given  to  William 
Alonzo  Porter,  student  at  the  Uni¬ 
versity  of  Michigan’s  Rackham 
School  of  Graduate  Studies.  Porter, 
working  toward  a  doctorate,  is  spe¬ 
cializing  in  noi.se  problems  as  re¬ 
lated  to  servomechanisms  and  iner¬ 
tial  guidance  systems. 
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SQUARE-LOOP 
TAPE  CORES 
TO  MEET  YOUR 
TOUGHEST 
SPECIFICATIONS 

Speed  your  specs  to  Dynacor 
when  you  want  square-loop  tape 
cores  to  exact  requirements— fast! 
Here  you’ll  find  a  dependable 
combination  of  personnel,  expe¬ 
rience  and  facilities— the  know¬ 
how  to  deliver  parameters  to 
your  very  tightest  tolerance  re¬ 
quirements  for  switching  time, 
tiux,  and  noise. 

Dynacor  Square-Loop  Tape 
Cores  are  manufactured  with  the 
high  permeability  alloys— Grain- 
Oriented  50-50  Nickel  Iron,  4-79 
Molybdenum  Permalloy,  and 
Grain-Oriented  3%  Silicon  Iron 
.  .  .  with  fully  guaranteed  uni¬ 
formity  . . .  under  rigid  standards 
of  control  and  inspection. 

Look  to  Dynacor  for  reliable 
production  and  swift  delivery  of 
your  tape  core  requirements.  Lor 
your  convenience  a  full  line  of 
standard  units  are  stocked  for  im¬ 
mediate  off-the-shelf  delivery— 
Send  for  bulletins  DN  2000,  DN 
2001,  DN  2002. 


i^DYNAC^ 


DYNACOR,  INC. 

A  SUBSIDIARY  OF  SPRAGUE  ELECTRIC  CO. 

10431  METROPOLITAN  AVENUE  •  KENSINGTON  •  MARYLAND 


Computers:  New  Jobs, 

Today  one  system  handles  the  housekeeping, 
the  other  concentrates  on  processing  data 


Hydrodynamic  analysis  at  Navy's  Taylar  AAodel  Basin  will  be  one  of  first  jobs  given  to 
Lore,  new  giant  computer 


Announcement  late  la.st  month 
that  Remington  Rand  Univac’a  Larc 
(  Livermore  Atomic  Re.search  Com¬ 
puter)  will  be  offered  in  the  com¬ 
mercial  market  mark.s  the  debut  of 
another  .second-generation  com¬ 
puter. 

Besides  the  installation  at  Liver¬ 
more  Atomic  Laboratory  in  Cali¬ 
fornia,  scheduled  to  undergo  accept¬ 
ance  te.st  next  month,  a  Larc  will  be 
installed  at  the  Navy’s  David  Taylor 
Model  Basin,  Carderock,  Md.  Be¬ 
yond  that,  Univac  officials  confi¬ 
dently  predict  a  market  potential  of 
at  least  50. 

Larc,  which  is  priced  at  upwards 
of  $6  million,  could  open  new  mar¬ 
kets  by  opening  new  approaches  to 
data-handling. 

Second-generation  computers 
augment  data-proce.ssing  capacity 
by  several  orders  of  magnitude. 
Principal  reason:  complete  rethink¬ 
ing  of  computer  functions.  “We 
used  to  build  a  fairly  sophisticated 
computer  and  then  make  it  waste 
80  percent  of  its  time  controlling 
input-output  gear,  or  doing  other 
housekeeping,”  says  one  executive. 
“Now  we’re  making  two  systems. 


one  to  handle  the  housekeeping,  the 
other  to  concentrate  on  proce.ssing.” 

New  logical  concepts  are  not 
solely  responsible,  of  course.  New 
components,  better  circuits,  more 
capacious  and  more  easily  accessed 
memory  sy.stems,  better  tape  units 
and  new  approaches  to  program¬ 
ming  have  all  had  a  hand  in  multi¬ 
plying  the  speed  and  efficiency  of 
the  new  machines. 

Technical  Details 

The  Larc  is  a  solid-state  com¬ 
puter,  :K)  percent  magnetic  ampli¬ 
fiers,  70  percent  transistors,  with  a 
score  of  highly  i-eliable  tubes  in  the 
clock.  Information  rate  is  2  me. 

Logical  design  permits  optimum 
routing  of  data  and  some  new  ma¬ 
nipulation  techniques.  Multiplica¬ 
tion,  for  example,  is  accomplished 
by  a  combination  of  matrix  lookup 
(as  in  a  multiplication  table)  and 
repeated  addition. 

Core  storage  of  97,500  12-digit 
words  is  augmented  by  high-speed 
drums  storing  up  to  6  million  words, 
and  can  be  further  supplemented 
by  up  to  40  tape  units. 

Individual  .synchronizers  in  the 
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Abilities 

separate  input-output  processor  con¬ 
trol  all  reading  and  writing  opera¬ 
tions,  They  can  be  made  to  work 
with  any  type  of  available  auxiliary 
unit.  Transfer  speed  is  400,000 
digits  a  second. 

Markets 

Small,  medium  and  large  com¬ 
puters  are  working  today  in  every¬ 
day  business  tasks  of  accounting 
and  recordkeeping.  Every  day,  busi¬ 
ness  management  somewhere  finds 
a  new  task,  departing  from  the  con¬ 
ventional  jobs  that  now  take  the 
bulk  of  computer  attention. 

In  the  not-too-distant  future,  pre¬ 
dicts  one  business  executive,  small 
computers  will  be  talking  to  each 
other  through  the  medium  of  pa¬ 
per  tape  over  telegraph  lines. 

S.  M.  Humphrey,  partner  in  the 
consultant  firm  of  Booz  Allen  & 
Hamilton,  thinks  that  computers 
may  ultimately  replace  “our  present 
.system  of  using  cash  with  a  truly 
universal  credit-card  system.” 
Humphrey  adds  that  “a  long  and 
arduous  educational  process”  will  be 
needed  to  change  the  conventional 
attitudes  of  people  towards  such  a 
.system. 

Bank  sy.stems  will  become  more 
common.  Systems  based  on  mag¬ 
netic-ink  character  recognition 
(Electronics,  p  40,  May  29  and 
p  46,  Sept.  25)  are  only  one  step 
in  reducing  bankers’  problems.  On¬ 
line  computer  in.stallations  have 
been  tried  in  savings  banks,  and 
may  ultimately  take  over  some  de¬ 
mand-deposit  (checking  account) 
work. 

Tomorrow’s  computer  will  be 
more  and  more  adaptable  to  con¬ 
trol  of  indu.strial  production  proc- 
e.sses.  Contimious-proce.ss  indus¬ 
tries — notably  petrochemicals — are 
already  putting  their  24-hr-a-day 
plants  under  digital-computer  su¬ 
pervision.  Other  indu.stries  are  ex¬ 
perimenting. 

Development  of  control  computers 
like  Larc’s  input-output  proce.ssor  is 
a  big  step  forward  in  this  area  of 
the  technology.  Such  units  are  de¬ 
signed  to  accept  sen.se  information 
and  operate  effectors — the  neces- 
.sary  functions  of  a  proce.s.s-control 
computer. 


Miniature 

Pulse  Transformers 


\ 

;  Sprague  miniature  pulse  transform- 
'  ers  are  ideally  suited  for  applica- 
I  tion  in  low-power,  high-speed 
'  computer  circuitry  where  pulse  ! 
I  signals  may  range  up  from  20  milli¬ 
microseconds  and  wider  in  dura- 
I  tion,  at  repetition  rates  as  high  as 
j  10  megacycles,  with  pulse  levels 
'  ranging  from  fractions  of  a  volt  to 
I  several  hundred  volts. 

Typical  circuits  utilizing  Sprague 
Pulse  Transformers  include  /fu/se 
uiHplifiers  (for  current  or  voltage 
step-up,  impedance  matching,  de¬ 
coupling,  pulse  inversion  and  push- 
pull  operation);  (uilse  shap/t/g  aud 
diffareiitiiitiug;  blocking  oscillators 
(in  regenerative  circuits  of  the 
triggered  and  self-triggered  type); 
general  transistor  circuits. 

Choose  from  Sprague’s  wide  va- 
!  riety  of  mounting  styles,  shapes  and 
^  encasements  , . .  for  conventional  or 
I  printed  wiring  board  assembly. 

[  Write  for  the  complete  series  of 
j  engineering  bulletins  to  Technical 
Literature  Section,  Sprague  Electric 
Company,  35  Marshall  Street,  North 
Adams,  Massachusetts. 

I 
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HIGH-SPEED 

HIGH-GAIN 

2N393 

MICRO-ALLOY 

TRANSISTORS* 

for  modern 
computer  circuitry 

Sprague  2N393  Micro-Alloy 
Transistors  combine  high  gain 
with  excellent  high  frequency 
response  to  meet  demands  of 
high-speed  computer  switching 
applications  in  the  megacycle 
range.  Low  saturation  resistance, 
low  hole  storage,  and  exception¬ 
ally  good  life  characteristics  make 
these  micro-alloy  transistors  top 
performers  in  computer  circuits 
as  well  as  in  general  high  fre¬ 
quency  applications. 

Made  by  electrochemical  man¬ 
ufacturing  techniques,  Sprague 
Micro-Alloy  Transistors  are  uni¬ 
formly  reliable  and  very  reason¬ 
ably  priced. 

For  complete  engineering  data 
sheets  on  the  types  in  which  you 
are  interested,  write  to  Technical 
Literature  Section,  Sprague 
Electric  Company,  35  Marshall 
St.,  North  Adams,  Massachusetts. 
*Sprague  Micro-Alloy  Transistors 
are  fully  licensed  under  Philco 
patents.  All  Sprague  and  Philco 
transistors  having  the  same 
type  numbers  are  fully  inter¬ 
changeable. 
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Where  traffic  laws  are  strictly  enforced,  deaths  go  DOWN 


Last  year,  traffic  accidents  killed  37,000,  injured  1,400,000 

•  •  •  a^zid.  they  wa^sted.  Five  Billion.  Dollars! 

Traffic  accidents’  human  toll  is  so  tragic  we  sometimes  overlook  their 
staggering  economic  waste.  Five  Billion  Dollars  in  lost  wages,  medical 
expenses,  insurance  costs  and  property  damage!  Your  business— every 
business— shares  in  this  loss.  So  you  have  a  double  interest  in  helping 
reduce  traffic  accidents.  And  you  can  help!  Drive  safely  and  obey  the  law 
yourself  .  .  .  certainly.  But  go  further.  Use  your  influence  to  promote  safe 
driving  and  urge  strict  law  enforcement.  To  make  your  efforts  more  effec¬ 
tive,  join  with  others  working  actively  to  reduce  traffic  hazards  in  your 
community.  Support  your  local  Safety  Council! 


Published  in  an  effort  to  save  lives,  in  cooperation  with  the  National  Safety  Council  and  The  Advertising  Council. 
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RCA-7360 


First  tube  specifically  developed  for  single -sideband  applications...reduces  tube  and  component 
requirements... its  inherent  long-term  stability  assures  top  performance  of  balanced  circuits 

Now  you  can  design  low-cost  balanced  SSB  circuits  around  a  single  tube... RCA-7360.  This  unique  tube  makes  possible 
one-tube  balanced-modulator,  balanced-mixer,  and  product-detector  circuits.  As  a  balanced  modulator,  it  will  deliver 
push-pull  output  from  single-ended  input... a/iJ  can  provide  stable  60-db  carrier  suppression.  When  used  as  a  self- 
excited  balanced  mixer,  it  can  provide  oscillator-signal  suppression  oj  at  least  40-db.  Other  features  include  large  signal¬ 
handling  capability  (up  to  8  volts  peak-to-peak  mixer  input),  high  transconductance,  high  input  impedance,  high 
deflection  sensitivity,  and  extremely  effective  isolation  between  inputs.  All  these  features  make  the  7360  the  most 
significant  electron-tube  development  for  SSB  design. 

RCA-7360  contains  two  plates  and  two  deflecting  electrcxies  together  with  a  cathode,  a 
control  grid,  and  a  screen  grid.  Its  inherent  long-term  stability  is  the  result  of  electron  flow 
to  both  plates  from  a  single  beam  of  electrons.  Total  beam  current  is  determined  by  the 
voltages  on  grid  No.  1  and  grid  No.  2  as  in  conventional  pentode  tubes,  while  the  portion  of 
the  total  beam  current  collected  by  each  plate  is  determined  by  the  voltage  difference  be¬ 
tween  the  deflecting  electrodes.  Thus  the  output  is  a  product  of  two  input  voltages. 

RADIO  CORPORATION  OF  AMERICA 


Electron  Tube  Division 


Harrison,  N.J. 


The  unique  features  of  RCA-7360  enable 
you  to  design  simpler,  less-costly  balanced 
SSB  circuits  with  excellent  long-term  stabil¬ 
ity.  Get  full  details  now  from  the  RCA 
Field  Office  nearest  you. 

EAST:  744  Brood  Stroot^  Nowork  2.  Now  Jortoy 
HUmboldt  3-3900 

MIDWEST:  Suit*  1134.  Morchondito  Mort  Ploio 

Chicogo  34.  Illinoii.  WHitoholl  4  2900 
WEST;  6333  E.  Washington  Boulovord 

los  Angolos  22«  Colif..  BAymond  3-8361 


ANOTHER  WAY  RCA  SERVES  YOU  THROUGH  ELECTRONICS 
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most  economical, 

rnpst  compact,  most  efficient 
cooling  fan  of  its  size! 


ROTRON  MUFFIN.  FAN 


consisting  of  propellor,  stator  assembly  and  venturi  block. 
It  is  also  available  in  combination  with  a  grille  assembly  and 
all-purpose  mounting  clips  to  form  a  complete  package. 
Unbelievably  thin,  the  MUFFIN  FAN  can  be  installed  in  sec¬ 
onds  in  cabinet  cutout,  imposing  practically  no  space  re¬ 
quirement  within  the  enclosure. 

Cool  economically ..  .the  MUFFIN  FAN  can  be  supplied 
at  a  price  less  than  $8.00  per  unit  in  quantity.  The  low 
cost,  high  performance,  compact  size  and  maintenance-free 
design  provide  efficient  air  cooling  previously  unobtainable. 
Write  for  complete  details... 


Unlike  conventional  or  phonograph  motor  assemblies,  the 
MUFFIN  FAN  boasts  a  high  air  performance  of  100  CFM 
free  delivery  from  a  basic  package  only  4-11/16"  square 
and  IVz"  deep  and  weighing  just  1.2  pounds. 

Power  requirement  is  105  to  120  VAC,  60  cycles,  single 
phase.  Electrical  connections  made  to  convenient  terminal 
lugs  accepting  standard  18  gauge  lamp  cord.  Completely 
original  aero  dynamic  design  permits  operation  through  a 
dust  filter  and  tightly  packed  electronic  equipment.  Airflow 
instantly  reversible  by  turning  fan  end-for-end. 

The  MUFFIN  FAN  is  a  completely  integrated  cooling  unit 


^  STATIC 
PRESSURE  - 
INCHES  -* 
OF  WATER  : 


WITH  SCHCN 


WOODSTOCK.  NEW  YORK  •  ORiole  9-2401 
In  Canada:  The  Hoover  Co.,  Ltd.,  Hamilton,  Ont. 
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Stromberg-Carlson 


RplaifQ 


In  this  IBM  ossambly  plant,  a  visitor  doesn't  notice  some  employees  ore  disabled,  but 


Handicapped  workers  prove  their  value  by  per¬ 
forming  a  wide  variety  of  specialized  tasks 

disabilities.  Of  the  company’.s 
manufacturing  and  engineering 
force  of  37,200  employees,  approxi¬ 
mately  6.9  percent  are  classified  as 
handicapped. 

A  trip  through  the  IBM  plant  in 
Endicott,  N.  Y.,  shows  about  114 
different  jobs  being  performed  by 
people  with  .some  form  of  physical 
disability.  At  IBM’s  Poughkeepsie 
plant  (see  photo),  85  tasks  are  han¬ 
dled  by  handicapped  personnel. 

A  company  spokesman  points  out 
that  no  special  distinction  is  made 
between  the  handicapped  and  the 
normal  applicant  for  employment. 
This  has  been  policy  since  1914. 


This  wran  a  .skilled  technican  will 
return  from  vacation  to  his  job 
of  assembling  clutch  mechanisms 
for  computers.  A  glance  shows  no 
difference  between  him  and  other 
assemblers,  but  a  difference  exists 
...  he  cannot  hear  or  .speak. 

The  electronics  indu.stry  and  the 
disabled  w’orker  are  becoming  in¬ 
creasingly  aware  of  each  other’s 
value.  This  is  seen  in  the  rehabili¬ 
tation  program  of  the  Institute  for 
the  Crippled  and  Disabled. 

The  Institute’s  vocational  re¬ 
habilitation  program,  which  evalu¬ 
ates  the  vocational  potential  of  dis¬ 
abled  persons  in  13  major  occupa¬ 
tional  categories,  includes  several 
areas  of  testing  applicable  to  the 
electronics  industry.  Special  train¬ 
ing  in  such  areas  as  cable  harne.ss 
as.sembly,  precision  soldering  and  ability  to  do  the  job, 
.skilled  metal  crafting  are  included  spokesman.  Company 
in  the  program,  plus  clerical  work  indicates  that  in  most  i 
for  the  electronics  indu.stry.  handicapped  worker  p 

Institute  surveys  indicate  that  well  as  his  unhandicapp 
about  27  percent  of  the  jobs  offered  At  IBM  plants  less 
by  the  electronics  industry  are  in  given  to  the  constructio 
non-production  areas  such  as  cleri-  ized  equipment  for  us 
cal  and  administrative.  Thi.s,  cou-  capped  workers  than  t( 
pled  with  industry  emphasis  on  cedural  changes  in  wo 
precision  work  and  the  manipulat-  The  company  feels  n 
ing  of  small  components  creates,  ods  can  usually  be  altc 
in  the  Institute’s  opinion,  an  ex-  too  much  difficulty  to 
cellent  area  of  opportunity  for  the  persons  who  cannot 
disabled  worker.  freely  or  work  in  a  nor 

At  International  Busine.ss  Ma-  Al.so,  the  size  and  sha) 
chines  Corporation,  for  example,  a  to  be  manipulated  ca 
wide  variety  of  tasks  are  being  per-  limited  to  those  most  ei 
formed  by  workers  with  physical  by  a  handicapped  pers 


. . .  featuring  new  high-voltage 
types  for  test  equipment  or  other 
high-voltage  applications. 

The  insulation  in  the  new  relays 
carries  1500  volts  A.C. — three  times 
normal.  These  high-voltage  models 
are  available  in  Typies  A,  B  and  E. 
They  are  the  latest  additions  to  the 
Stromberg-Carlson  line  of  twin  con¬ 
tact  relays — all  available  for  im¬ 
mediate  delivery. 

The  following  regular  types  are 
representative  of  our  t'omplete  line: 

Type  A:  general-purpose  relay 
with  up  to  20  Form  “A"  spring  com¬ 
binations.  This  relay  is  excellent  for 
switching  operations. 

Type  It:  a  gang-type  relay  with  up 
to  60  Form  “A"  spring  combinations. 

Type  RH:  relay  accommodates  up 
to  100  Form  “A"  springs. 

Type  C:  two  relays  on  the  same 
frame.  A  “must"  where  space  is  at  a 
premium. 

Type  E:  has  the  same  character¬ 
istics  as  the  Type  A  relay,  plus  uni¬ 
versal  mounting  arrangement.  Inter¬ 
changeable  with  many  other  makes. 

Complete  details  and  specifica¬ 
tions  are  contained  in  our  new  relay 
catalog,  available  on  request.  Write 
Stromberg-Carlson  Telecommunica¬ 
tion  Industrial  Sales. 
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Plastic  Microphone  and  Shielded 
Power  Supply  Cables 


Shielded  PA  and  Cali 
System  Cables 


Intercom  Cables — Multiple 
Pair  Unshielded 


Low  capacitance,  lightweight,  small  diam¬ 
eter.  Oil  and  ozone  resistant.  Long  flex  life, 
high  tensile  strength. 


Tviro-conductor.  twisted  pair.  Voriety  of 
gauges,  insolations,  shieldings.and  joclcets. 
Uniform  quality  ortd  dimensions. 


Corxluctors  paired  with  short  lay  twist.  No 
crosstalk.  Offers  high  dielectric  strength, 
free  stripping,  small  diameter.  Vinyl  jacket 
resists  water,  sun,  oil,  greose,  and  ozone. 


the  noise  level,  the  shields  are  isolated 


from  each  other.  Vinyl  jacket  resists 
water,  sun,  oil,  grease,  and  ozone. 


Strain  Gauge  Cables 


Belden . .  the  most  complete 

Electronic  Wire  and 


Unshielded  Sound,  Alarm  System, 
and  Speaker  Extension  Cables 


Special  Intercom  and 
Sound  Cables 


For  wiring  systems  requiring  shielded  lines 
cabled  with  unshielded  control  lines.  Wide 
variety  of  types  and  conductor  groupings. 


Intercom  Cables — Multiple 
Pair  Individually  Shielded 

BEIDFOIL*  aluminum-mylar  tope  elimi¬ 
nates  external  interference  and  cross¬ 
talk  between  pairs.  To  further  reduce 


TV  Camera  Cables 


For  all  color,  and  black  and  whit*  TV 
transmission.  Lightweight,  small  dksm- 
eters,  low  friction  coefficient,  maximum 
flexibility. 


100%  Shielded  with  conductors  under 
BELOFOii*  aluminum-mylar  shield.  Low  ca¬ 
pacitance,  small  diameter,  extremely  flex¬ 
ible.  Vinyl  jacket  resists  water,  sun,  oil, 
grease,  and  ozone. 


*BAlden  Trad»mork,  Reg.  U.S.  Pat.  Off.  Patent  Pending 


Rubber  Microphone  and  Shielded 
Power  Supply  Cables 


Shielded  Sound,  PA,  and 
Intercom  Cables 


Juke  Box  Cables, 


For  speaker  and  control  cables  in  all  types 
of  commercial  music  systems.  Variety  of 
shield  types  for  every  application. 


Broadcast  Audio  Cables 


Drain  wire  and  shield  isolation  eliminate 
current  loops.  Free  stripping  jackets,  fast 
shield  tormlnation,  small  diameters. 


Hi-Fi,  Stereo,  and 
Phonograph  Cables 


Shielded  connector  cords  and  pick-up  arm  I 
cables.  Extremely  light,  flexible  —  small  | 
diameter.  Excellent  dielectric  strength.  I 


Transmission  Line  Cables 


Variety  of  types  and  impedances  for  every 
application.  Resistant  to  whipping,  twisting, 
and  weather;  for  long-lasting  installations. 


Variety  of  gauges,  number  of  conductors, 
and  shields  for  every  application. 


Maximum  abrasion  and  impact  resistance. 
Limp  — lies  flat  on  stage  or  studio  floor. 
Long  flex  life,  high  tensile  strength. 


Two-conductor  twisted  pair.  All  insulations 
ard  sizes.  Uniform  quality  and  dimensions 
for  dependable  service  and  installation. 
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Antenna  Rotor  Cables 


Mil-Spec  Hook-Up 
and  Lead  Wire 


High-Voltage  Cathode 
Ray  Tube  Lead 


Vinyl  insulated  for  optimum  resistance  to 
sun  and  weather.  Provides  longer  trouble- 
free  service. 

R 

Exceed  rigid  requirements  of  all  military 
specifications.  Wide  variety  of  sizes, 
insulations  and  jackets. 

line  of 

UL  Inspected 

Hook-Up  and  Lead  Wires 

Cable  j 

Tnninnnnn-.-i,.r - ^ - 1- 

Widest  variety  of  sizes,  insulations,  and 
jackets  for  all  electronic  and  electrical 
opplications. 

High  dielectric  strength.  Small  diometer 
with  maximum  flexibility. 


Portable  Cordage  and  Rubber 
Multiple  Conductor  Cables 


Two  to  five  conductors  for  power  supply, 
speaker  lines,  and  unshielded  control  ca¬ 
ble.  Abrasion  and  impact  resistant,  limp 
ond  flexible  —  always  lie  flat.  Also  com¬ 
plete  cord  sets. 


RG/U  Transmission 
I  ine  Cable.'. 


i.t  VG/U  sizes  ond  t/pes. 
A^•-i  u  iiie  /.Ail  C  i/B  Cables  nii;nu 
l»  tuierr;  w;lti  cf  odherer.re  t;*  govern- 
rr  ill 


Community  and  Multiple  Set 
TV  Antenna  Cables 


These  and  many  more 

AVAiLA;:i-C  from  Stock 


Test  Prod  Wire 


Provide  clear  picture  reception  on  oil 
multiple  TV  set  hook-ups.  Sweep  tested. 


Extremely  limp  and  flexible.  High  die¬ 
lectric  strength.  Long-life  rubber  jacket. 


Unshielded  All-purpose  Sound 
and  Intercom  Cables 


Solid  &  stranded  conductors  for  speaker 
tines,  unshielded  control  lines,  and  low 
voltage  circuits  of  all  types. 


Belden 


W1REMAKER  FOR  INDUSTRY 
SINCE  1902 
CHICAGO  ' 


Beiden  Electronic  Wire  and  Cable 

is  available  in  many  different  packages 


This  handy  Workbench  Hook-Up  Dispenser  Kit  is  an  ex¬ 
ample  of  how  Belden's  packaging  program  helps  minimize 
waste  .  .  makes  stock  maintenance  easy.  Each  kit  contains 
an  assortment  of  Hook-Up  Wire  colors  and  types.  The 
dispenser  is  designed  for  workbench  or  wall  mounting. 


Ask  your  Belden  jobber 


magnat  wire  •  lead  wire  •  power  supply  cords  e 
cord  sets  •  portable  cordage  •  electronic  wire  • 
automotive  replacement  wire  arui  cable  •  aircraft 
wire  •  electrical  household  replacement  cords 


One  wire  source  for 
everything  electronic 
ond  electrical. 


belden  wires,  cords  and  cablet  mean  the  lowest  over-all  cosf 
from  your  assembly  line  to  field  operation 
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MEETINGS  AHEAD 


no  soldering 
application’s 
too  difficult! 


Oct.  19-21 :  National  Academy  of 
Sciences,  Research  Council,  URSI, 
IRE,  E’all  Meeting,  El  Cortez  Hotel, 
San  Diego,  Calif. 


Oct.  19-22:  Semicon<luctor  Symposium, 
Fall  Meeting,  Electrochemical  So¬ 
ciety,  Deshler-Hilton  Hotel,  Colum¬ 
bus,  O. 


Oct.  26-28:  Aeronautical  &  Navigation 
Electronics,  East  Coast  Conf., 
PGANE  of  IRE,  Lord  Baltimore 
Hotel,  Baltimore. 


Oct.  29-.30:  Electron  Devices  Meeting, 
PGED  of  IRE,  Shoreham  Hotel, 
Washington,  D.  C. 


Nov.  .T-.T:  Mid-American  Electronics 
Conf.,  MAECON,  Municipal  Audi¬ 
torium  and  Hotel  Muehlenbach, 
Kansas  City,  Mo. 


Nov.  1-6:  Automatic  Control,  National 
Conf.,  PGAC  &  PGIE  of  IRE,  Sher- 
aton-Dallas  Hotel,  Dallas. 


Nov.  .’5-6:  Instrumentation  Conf., 
School  of  Engineering,  Louisiana 
Polytechnic  Institute,  Ruston,  La. 


Nov.  9-11:  Radio  Fall  Meeting,  IRE, 
EL\,  Hotel  Syracuse.  Syracuse, 

N.  Y. 


Nov.  9-11:  Instrumentation  Conf. 
PGI  of  IRE,  Biltmore  Hotel,  At¬ 
lanta. 


Nov.  10-12:  Electrical  Techniques  in 
Medicine  &  Biology,  AIEE,  IS.4, 
PG.ME  of  IRE,  Sheraton  Hotel.  Phil¬ 
adelphia. 


Nov.  16-20:  .4merican  Rocket  Society, 
Annual,  Washington,  D.  C. 


Kester’s  latest  development  .  .  .“44”  resin- 
CORE  SOLDER  has  a  perfected  activated  resin 
flux  for  faster  assembly  line  soldering.  Like 
all  Kester  Flux-Core  Solders,  it  will  solve 
many  circuit  design  and  development 
requirements.  Used  by  leading  electronic 
manufacturers  everywhere. 

Other  Rosin-Resin  Flux-Core  Solders  also 
available  as  well  as  many  “Specialized”  Flux- 
Core  Solders. 


Nov.  16-20:  Magnetism  &  Magnetic 
Materials.  AIEE,  AI.M,  APS,  IRE, 
ONR,  Detroit. 


Nov.  17-19:  Northeast  Electronics 
Re.search  and  Engineering  Meeting, 
Annual.  NEREM,  Commonwealth 
Armory,  Boston. 


.Mar.  21-21,  1960:  Institute  of  Radio 
Engineers,  National  Convention, 
Coliseum  &  Waldorf-Astoria  Hotel, 
N.  Y.  C. 


KESTER  SOLOEI 


Writ®  today  for  free  78-page  Kester  technical 
manual  “SOLDER ,, .Its  Fundamentals  and  Usage.” 


KESTER  SOLDER  COMPANY 


There’s  more  news  in  ON  the 
MARKET,  PLANTS  and  PEO¬ 
PLE  and  other  departments  be¬ 
ginning  on  p  100. 


4204  Wrightwood  Avenue,  Chicago  39,  Illinois 
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Five  plug-in  pulse  generators 
provide  any  code-1  to  5  pulses 
—  with  completely  independent 
adjustment  of  width  and  delay 
for  each  pulse. 


PULSE  DELAY; 

variable  0  to  300  microseconds 


PULSE  WIDTH; 

variable  0.2  to  2  microseconds 


PULSE  TIME  MODULATION: 

Sensitivity,  2  volts  RMS  per 
microsecond 


PULSE  JITTER  TESTER 

Model  PJ-1 


Displays  the  magnitude  and  waveform  of 
pulse  jitter  (time  deviation)  in  rate  gen¬ 
erators,  pulse  width  modulators,  encoding 
devices  and  precision  time  generators. 


CODED 

MULTIPULSE 

GENERATOR 

Model  MP-1A 


MEASURES: 

PULSE  WIDTH  UTTER.  Peak  to  peak  time  de 
viation  (,\T)  at  the  halt-amplitude  points, 
between  the  leading  and  trailing  edges  of  a 
recurrent  pulse  having  a  nominal  width  rep¬ 
resented  as  "T"  in  the  diagram  at  left. 


RISE  AND  DECAY  TIME: 

0.1  microsecond 


GROUP  REPETITION  RATE: 

10  to  10,000  pps 


ABSOLUTE  JITTER:  Time  deviation  (AT)  at 
the  half-amplitude  points,  from  leading  edge 
to  leading  edge  of  successive  pulses  (of 
duration  "T"  in  the  diagram)  in  a  pulse  train 


Used  to  modulate  r-f  signal  generators  with 
coded  pulse  groups.  Internal  or  external 
sync;  square  wave  output,  10  to  10,000  pps. 
Pulses  can  be  independently  pulse-time  mod¬ 
ulated  by  external  signal. 

APPLICATIONS:  Design  and  testing  of  mis¬ 
siles,  radar,  beacons,  IFF,  telemetry,  etc. 


RELATIVE  JITTER:  Peak-to-peak  time  devia¬ 
tion  (AT)  at  half-amplitude  points  of  the 
leading  edge  of  one  pulse  to  the  leading 
edge  of  a  reference  pulse.  The  time  difference 
between  the  two  is  "T”  In  the  diagram 


Repetition  Rate  Jitter;  5  millimicroseconds  to  100  microseconds 
full  scale  Relative  or  Width  Jitter:  5,  10,  100  millimicroseconds 


POLARAD  ELECTRONICS  CORPORATION 


Please  send  me  information  and  specifications  on: 

n  Model  MP-IA  Coded  Multi-Pulse  Generator 

□  Model  PJ-1  Pulse  Jitter  Tester 

Q  Model  VS-2  Rapid-Scan  Ratio-Scope  (see  reverse  side  of  page) 

□  Model  ESG  Electronic  Sweep  Generator  (see  reverse  side  of  page) 

My  application  is: _ 


MAIL  THIS  CARD 

for  complete  specifications. 

Ask  your  nearest  Polarad 
representative  (In  the  Yellow 
Pages)  for  a  copy  of  ‘‘Notes 
on  Microwave  Measurements” 


FREE  LIFHIME  SERVICE 
ON  ALL  POLARAD 
INSTRUMENTS 


Company 


43-20  34th  Street  Long  Island  City  1,  N.  Y, 

Representatives  in  principal  cities 
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FREE  LIFETIME  SERVICE 
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INSTRUMENTS 


BUSINESS  REPLY  CARD 

First  Class  Permit  No.  18,  Long  Island  City  I,  N.Y. 


INSTANTANEOUS  MICROWAVE  ANALYSIS 


SINGLE  FREQUENCY  OR  OVER  A  FULL  OCTAVE 


Saves  Engineering  Manhours 

1,000  to  15,000  me 


MAIL  THIS  CARD 

for  complete  specifications. 
Ask  your  nearest  Polarad 
representative  (in  the  Yellow 
Pages)  tor  a  copy  of  "Notes 
on  Microwave  Measurements' 


POLARAD 

ELECTRONICS 

CORPORATION 

43-20  34th  Street  Long  Island  City  1,  N.Y. 

Representatives  in  principal  cities 


Instantaneous 
measurements 
at  a  single 
frequency  or 
over  an  entire 
swept  frequency 
range  can  be 
obtained  with 
an  Electronic 
Sweep  Generator 
and  a  Rapid- 
Scan  Ratio  Scope 


POLARAD  ELECTRONICS  CORP 
43-aO  34Mt  St.,  Long  lolanO  City  I,  N.  V. 


VSWR  at  any  single  frequency  is  indicated  on 
the  Ratio-Scope  front  panel  meter. 


ELECTRONIC  SWEEP  GENERATOR 

Model  ESC  1 ,000-T  5,000  me 

Sweep  Width  continuously  adjustable,  single  frequency 
to  an  entire  octave. 


RAPID  SCAN  RATIO-SCOPE 

Model  VS-2 

Displays  the  ratio  of  two  input  signals;  gives  visual  plot 
of  VSWR  as  a  function  of  frequency. 


Measure  and  Analyze-. 

VSWR,  transmission  and  reflection  coefficients,  gain  and 
attenuation,  image  rejection,  sensitivity,  selectivity,  band¬ 
width  and  filter  characteristics,  antenna  patterns,  etc. 


Microwave  Components: 

Radars,  receivers,  beacons,  waveguides,  antennas,  pads, 
terminations,  couplings  and  hybrid  junctions,  attenuators, 
crystal  mounts,  preselectors,  amplifiers. 


Model  ESG 


Mode  VS-2 


Typical  set  up  for  measuring  VSWR  of  a  microwave  com¬ 
ponent.  Directional  coupler  outputs  feed  incident  and 
reflected  signals  separately  into  the  Ratio-Scope.  Scope 
displays  the  pattern  of  the  ratio  between  the  two  inputs 
over  the  entire  frequency  range  swept. 


Complete  VSWR  pattern  of  a  microwave  compo¬ 
nent  over  an  entire  frequency  octave  is  dis¬ 
played  on  a  calibrated  7"  CRT. 


IN  MICRO-MINIATURE  SIZE 


Series  C-050  Potentiometers 
meet  all  requirements  of 
M1L-R-12934B  with  the  addi¬ 
tion  of  1000  hours  load  life 
(certified  test  data  available). 


Here  is  the  tiniest  member  of  DeJUR’s  extensive  line 
of  precision  potentiometers.  The  new  Series  C-050... 
combines  micro-miniaturization  with  high  precision 
and  accuracy. 

Just  check  these  /tafures:— Exclusive  one-piece  metal 
case  and  bearing  design  eliminates  need  for  special 
field  installation  precautions.* Exclusive  watertight 
molded  covers  with  integrally  cored,  solid  terminals 
which  cannot  loosen  or  transmit  solder  or  resin.  • 
Multiple  finger  brush.  •  Molded  nylon  side  insulation. 
•  Direct  connection  from  winding  ends  to  terminals.  • 


Rotation;  electrical,320* ;  mechanical,  325“  or  continu¬ 
ous  3G0“.  •  Threaded  bushing,  servo  or  ball-bearing 
mounting.  •  0-ring  sealed  shaft  and  epoxy  sealed 
cover  (optional). 

And  while  you’re  checking,  look  into  some  of  the  other 
single-turn  precision  potentiometers  which  include 
many  different  sizes  and  types.  Chances  are  you’ll  find 
exactly  the  unit  you  need  to  solve  that  sticky  design 
problem.  If  we  don’t  show  it  in  our  catalog,  we’ll  make 
it  for  you.  Write  today  for  DeJUR’s  new  complete 
technical  catalog  on  your  company  letterhead. 


manufacturers  of  precision  potentiometers  for  over  30  years 


SERIES  C-078.  V,"  min- 
lature,  height  only  weight 
H  oz.  Multiple  finger  brush. 
Single  or  multiple  gangs... 
completely  enclosed.  Cored 
terminals  (can't  loosen).  Board 
integrally  molded  in  housing. 


SERIES  C-200.  2^  ..  In¬ 
dependently  phasable . . .  mul¬ 
tiple  sections  suitable  for 
ganging ...  up  to  40  adjustable 
taps  In  320*.  Ball-bearing  or 
sleeve  bearing. 


aZteoyg  _ 

DeillB 

ELECTRONIC  COMPONENTS 


ELECTRONIC  SALES  DIVISION 
DeJUR-AMSCO  CORPORATION 
45-01  NORTHERN  8LV0. 
LONG  ISLAND  CITY  1.  N.  Y. 


SERIES  C-300  SINE. 
COSINE.  S'*.  Independent 
brush  contacts  prtxlure  accu¬ 
rate  slne-conine  outputs.  Also 
available  In  mulilple  ganged 
units  and  Vh**  and  2'*  di¬ 
ameters. 


SERIES  HP.  3^  S'* 
diameters.  High  resolution... 
long  function  angles.,  gang¬ 
ing  multiples..  Mclded  taps. 
Completely  enclosed.  Piloted 
servo  or  tapped  3-hoIo 
mounting. 
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give  you  more  application  versatility! 


new  Brush 
ulfralinear 
recording 


Simplified  Chart  Re-loading. 


In  the  fields  of  telemetry,  ground  support  systems,  analog 
computing  and  laboratory  testing.  Brush  recording  systems 
have  incorporated  features  which  have  consistently  kept 
ahead  of  engineering  requirements.  Here  are  a  few  that 
show  why — 

INTERCHANGEABLE  PLUG-IN  SIGNAL  CON- 
DITIONERS.  You  get  your  choice,  of  sensitivities — 
you  get  high  input  impedance — zero  suppression. 

SIMPLIFIED  FAST  CHART  RE-LOADING. 
Loaded  from  the  top — features  automatic  alignment 
and  tracking. 

ACCURATE,  EASILY  REPRODUCIBLE 
RECORDINGS.  Your  choice  of  rectilinear  or  curvi¬ 
linear  charts— rugged  "throw-proof”  pens. 

Illustrated  above  is  a  Brush  RD-1684  rectilinear,  8  channel 
recording  system.  Sensitivity  of  10  millivolts  per  chart  line — 
input  impedance,  10  megs  balanced  or  5  megs  grounded. 
Complete  system  includes  mobile  cabinet,  oscillograph  and 
8  signal  conditioners.  No  additional  preamplifiers  required. 
Available  from  stock. 


Interchangeable,  plug-in 
signal  conditioners. 


Positive  Chart  Take-up  Drive. 


OIVIIION  OF 


CLEVELAND  14.  OHIO 
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laboratory  testing  of  sensing  devices.  Blood  pressure  sensor  is  ofRxed  to  right 
index  finger  of  test  subject 


VITAL  ' 
CAPACITY 


FIG.  1— Various  human  respirotion  curves 


Environmental  Testing 
Of  Future  Spacemen 


New  technique  permits  continuous,  complete  physical  examination  when  sub¬ 
ject  and  physician  are  separated  by  many  miles.  This  article  summarizes  the 
electronic  measurements  of  physiological  factors  and  introduces  engineers  to  a 
new  area  in  medical  electronics 


By  M.  TRAITE,  W.  WELKOWITZ,  J.  KILDUFF,  and  C.  PURPURO, 

Mfdlc-al  Instriinient.s  Dept.,  Gulton  Indu.strie.s,  Mi-tiiohen,  J. 


There  are  two  fjeneral  parts  to  a  phyaiolojirical 
instrumentation  system.  These  are  the  transducers 
on  the  man  and  the  tran.sducer-associated  circuits. 
The  transducers  must  be  external  to  the  man,  even 
though  internal  instruments  would  often  provide 
more  accurate  and  reliable  measurements;  to  permit 
free  movement  of  the  man  within  the  confines  of  his 
capsule;  and  be  comfortable,  to  the  point  where  he 
should  be  able  to  neglect  their  presence. 

The  transducer-asscK-iated  circuits  are  required  to 


Most  .satellite  payloads  today  are  instrumented  with 
devices  for  measuring  a  number  of  physical  param¬ 
eters  such  as  temperature,  radiation,  magnetic  fields 
and  ionization.  Many  of  these  devices  were  developed 
especially  for  .satellite  u.se. 

A  human  being  will  be  a  payload  in  the  near  future 
and  there  is  a  variety  of  physiological  and  psycho¬ 
logical  data  needed  about  him.  This  article  will  di.s- 
cuss  some  of  the  approaches  to  instrumenting  a  hu¬ 
man  being  under  conditions  of  space  flight. 
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FIG.  3— Inhalation  and  axhalatian  wavat  (A)  ara  shapad  to  produca 
final  wavaform  for  talamataring  (E) 


convert  the  transducer  outputs  to  an  analog  voltage 
form  for  presentation  to  a  telemetry  system.  The 
circuits  must  be  reliable,  small,  lightweight  and  low 
on  power  consumption. 

The  circuit  requirements  generally  dictate  the  use 
of  transistors.  Some  of  the  physiological  variables 
wanted  are;  respiration,  electrocardiogram,  tempera¬ 
ture,  blood  pressure,  heart  sounds,  skin  temperature 
and  electroencephalogram. 


RESPIRATION — If  the  man  is  breathing  he  is  still 
alive.  But  respiration  measurements  tell  more  than 
this.  Some  typical  respiration  flow  waveforms  are 
shown  in  Fig.  1.  Marked  differences  from  normal 
breathing  can  often  tell  fairly  well  what’s  going  on. 
The  pattern  labeled  heavy  is  similar  to  deep  breathing 
at  a  normal  rate,  such  as  would  be  typical  during  or 
after  heavy  exertion.  The  pattern  labeled  rapid  might 
be  expected  if  he  is  having  trouble  getting  enough 
oxygen  and  is  compensating  by  taking  in  air  more 
quickly.  The  pattern  labeled  coughs  is  self-explan¬ 
atory. 

One  tran.sducer  that  can  be  used  for  respiratory 
flow  is  a  strain  gage  mounted  in  a  face  mask'.  Strain 
gage  wires  are  attached  to  opposite  sides  of  alternate 
cantilever  arms,  and  u.sed  in  the  basic  bridge  circuit 
.shown  in  Fig.  2.  The  output  is  amplified  and  con¬ 
verted  to  a  d-c  analog  of  respiration  flow  by  a  syn¬ 
chronous  detector  and  low  pass  filter. 

Respiration  rate,  or  the  number  of  breaths  per 
minute,  can  be  determined  by  counting  the  rate  at 
which  the  major  waveforms  of  Fig.  1  come  along. 
This  is  done  continuously  and  automatically  by  the 
simple  tachometer  circuit  .shown  in  block  diagram 
form  in  Fig.  3.  The  Schmitt  trigger  yields  square 
waves  (B)  in  a  one-to-one  correspondence  with  the 
inhalation  and  exhalation  flow  w-aves  (A).  These  are 
then  differentiated  and  one  polarity  clipped,  to  yield 
triggering  pul.ses  (C)  for  the  mono.stable  multi¬ 
vibrator.  The  mono.stable  multivibrator  re.sets  it.self 
at  a  fixed  time  after  being  triggered,  yielding  square 
waves  (D)  who.se  time  duration  and  amplitude  are 
constant.  The  only  variable  is  then  the  time  between 
square  waves.  The  low  pass  filter  removes  the  rises 
and  falls  of  the  square  waves  and  yields  a  d-c  output 
proportional  to  the  breathing  rate. 

ELECTROCARDIOGRAM  (ECG)— The  electrocar¬ 
diogram  is  a  standard  clinical  diagnostic  tool".  It 
measures  the  potentials  appearing  at  various  points 
of  the  body  due  to  the  electrical  activity  of  the  heart. 
A  normal  pattern  for  a  standard  electrode  placement 
is  shown  in  F'ig.  4.  A  pattern  indicating  heart  failure 
(ventricular  fibrillation)  is  shown  below’. 

The  standard  electrode  types  and  placement  for 


Sutpantion  of  silver  in  collodion  forms  a  fight,  sturdy,  high  con¬ 
ductance  electrode  that  can  be  worn  for  days  without  irritation 

66 


One  of  the  seven  temperature  sensors  is  applied  under  the  armpit 
while  others  ore  placed  about  the  body 
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FIG.  4— Normal  eloctrocardiogram  compared  with  ventricular  fibril¬ 
lation  (heart  failure) 


ecg  present  problems  for  use  in  space.  Most  standard 
electrodes  are  bulky,  require  the  use  of  an  electrode 
paste,  cause  severe  irritation  of  the  skin,  and  cannot 
be  worn  for  more  than  about  a  half  hour  because  the 
paste  dries  out.  In  addition,  the  standard  positions 
for  electrodes,  on  the  arms  and  legs,  are  not  suitable 
for  gathering  data  from  a  man  whose  limbs  must 
move.  Spurious  potentials  due  to  action  of  the 
muscles  causes  interference  sufficient  to  swamp  the 
ecg. 

The  electrode  position  problem  is  alleviated  by 
placing  electrodes  on  the  che.st  and  back  in.stead  of 
on  the  arms  and  legs.  This  yields  a  less  w’idely  used 
type  of  ecg,  but  one  less  subject  to  interference  from 
muscle  noise. 

An  electrode  type  that  has  been  found  suitable  for 
extended  wearing  uses  a  conductive  paint,  made  of 
a  suspension  of  silver  in  collodion.  This  is  applied 
to  the  cleaned  skin.  A  fine  metallic  mesh  disk  with  a 
lead  attached  is  laid  over  the  painted  area,  and  a 
second  layer  of  paint  is  applied  over  and  through  the 
*  mesh.  The  preparation  dries  to  form  a  light,  sturdy, 

high  conductance  electrode  that  can  be  worn  for  days 
without  irritating  the  .skin  or  coming  off. 

Ecg  potentials  are  in  the  order  of  millivolts,  and 
“  the  ecg  waveform  has  major  components  in  the  fre¬ 

quency  range  from  about  1  to  60  cps.  A  suitable 
amplifier  for  ecg  should  then  be  either  a  d-c  or  an 
a-c  amplifier  with  the  above  band  pass. 

Heart  rate  can  be  determined  by  counting  the  rate 
at  which  the  ecg  .spikes  come  along.  This  may  be  done 
by  tachometer  circuits  similar  to  tho.se  described  for 
breathing  rate.  For  this  case,  the  Schmitt  trigger  is 
set  to  operate  in  the  upper  half  of  the  largest  ecg 
spike. 

TEMPERATURE — Temperature  measurements  can 
serve  to  indicate  an  abnormal  feverish  condition,  or 
a  subnormal  cool  condition  for  the  entire  body.  In 
addition,  the  use  of  several  temperature  measure¬ 
ments  at  the  fingers  and/or  toes  can  show  poor  circu¬ 
lation  of  the  blood,  such  as  is  common  in  conditions 
of  shock.  This  is  indicated  by  abnormally  cold  tem¬ 
peratures  at  the  extremities. 


EPOXY  (THERMAL  AMO  ELECTRICAL  LEADS 


FIG.  5— Tamparatur*  sansari  arc  mountad  ovar  th«  body  to  indicat* 
poor  blood  circulation  which  may  occur  in  conditions  of  shock 


Thermistors  are  excellent  for  skin  or  body  tem¬ 
perature  measurements  under  .space  flight  conditions. 
Their  small  size,  low  power  consumption  and  high 
.sensitivity  off.set  the  di.sadvantage  of  their  logarith¬ 
mic  resistance  variation  with  temperature. 

A  sensor  for  skin  temperature  measurements  is 
shown  in  Fig.  5.  The  sensing  element  is  a  bead 
thermistor  suspended  below’  a  mounting  plate.  The 
plate  provides  a  roughened  surface  to  prevent  move¬ 
ment  when  the  probe  is  mounted  on  the  skin.  The 
upper  section  con.si.sts  of  a  plastic  coating  that  serves 
as  a  thermal  insulator.  This  insures  that  the  ther¬ 
mistor  .sen.ses  skin  temperature  and  not  ambient 
temperature. 

The  thermistor  is  used  in  a  bridge  circuit  of  the 
same  type  as  that  used  for  respiratory  flow. 

In  the  case  of  the  respiratory  strain  gage,  the 
sensitivity  is  low’,  and  the  maximum  excursion  of  the 
bridge  output  from  its  null  position  is  small  and 
linear.  For  the  thermi.stor,  however,  the  .sensitivity 
is  high,  and  the  excursion  of  the  bridge  output  is 
large.  It  is  large  enough,  in  fact,  so  that  it  becomes 
markedly  nonlinear  w’hen  plotting  output  voltage 
against  thermistor  resistance. 

With  a  proper  choice  of  the  fixed  arms  of  the 
bridge,  the  nonlinearity  of  the  bridge  characteristic 
can  be  made  to  compensate  closely  the  logarithmic 
thermistor  characteristic  over  a  temperature  range 
from  about  60  F  to  115  F,  the  general  range  of  skin 
and  body  temperatures.  This  results  in  a  linear  (to 
about  2  percent)  output  of  voltage/temperature.  A 
linear  analog  voltage  output  from  the  transducer 
electronics  is  not  strictly  necessary,  but  considerably 
simplifies  the  later  di.splay  and  processing  of  the  data. 

BLOOD  PRESSURE  —  The  blood  pressure  wave- 
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EUctrocardiogram  Mntorf  appliad  fo  chast  and  bock  ara  lat$  «ob-  Haart  sounds  micrephona  is  appliad  to  tha  chast  and  galvanic  skin 

ioct  to  muscla  noha  rasistonca  aUctrodas  ora  appliad  to  both  onklat 


form  is  typically  as  shown  in  Fijr.  6.  Unfortunately, 
there  is  no  simple  way  to  obtain  the  entire  waveform 
and  to  determine  its  position  above  the  zero  or  refer¬ 
ence  level,  without  introducing  some  probe,  such  as 
a  hypodermic  needle,  into  a  vein  or  artery. 

There  is  an  external  measurement  technique,  how¬ 
ever,  that  serves  to  determine  the  peaks  of  the  wave.s"; 
that  is,  that  can  give  a  reading  of  the  maximum 
(.systolic)  pressure  as  often  as  once  each  heartbeat. 

In  essence  the  system  consists  of  a  feedback  kwp 
in  which  the  forward  path  is  electronic,  and  the  feed¬ 
back  path  is  pneumatic  (Fig.  7).  An  occluding  cuff 
which  may  be  pre.ssurized  is  worn  around  the  finger, 
and  is  connected  to  the  pneumatic  system.  Beyond 
the  cuff,  at  the  tip  of  the  finger,  is  a  pickup  that 
detects  pulsations  due  to  volume  changes  of  the  blood 
at  the  tip  of  the  finger.  These  pulsations  occur  regu¬ 
larly,  once  each  heartl)eat. 

While  the  pressure  in  the  cuff  is  below  the  .systolic 
pre.s.sure,  the  pulsations  are  picked  up  and  amplified 
by  the  electronic  circuitry.  This  signal  causes  the 
pneumatic  system  to  increase  the  cuff  pre.ssure.  As 
the  cuff  pre.ssure  reaches  or  pa.s.ses  the  internal  .sy.s- 
tolic  pre.ssure,  the  blood  ve.s.sels  in  the  finger  constrict 
completely.  This  cuts  off  the  pulsations.  The  pneu¬ 
matic  .system  slowly  leaks  off  the  pressure  in  the 
cuff  until  it  falls  just  below  sy.stolic,  at  which  point 
pulsations  reappear  and  the  cycle  repeats.  The  net 
result  is  that  the  cuff  pre.ssure  is  maintained  essen¬ 
tially  at  .systolic  pressure.  A  pressure  tran.sducer 
connected  to  the  cuff  line  provides  a  readout  of  this 
.systolic  level. 

HtlART  SOUNDS — External  heart  sounds  are  use¬ 
ful  as  a  diagnostic  tool  in  determining  the  operating 
condition  of  the  heart  valves.  Under  abnormal  accel¬ 
eration  or  reduced  gravity  conditions,  the  normal 
functions  of  the  heart  will  be  subject  to  change,  and 
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temporary  valve  malfunctions  are  possible.  These 
may  be  detected  by  an  electronic  analog  to  the  stethe- 
scope  which  is  a  small  microphone  mounted  in  an 
elastic  chest  band  and  positioned  over  the  heart. 

The  microphone  is  shown  in  Fig.  8.  It  consi.sts 
essentially  of  a  diaphragm  and  ceramic  element.  The 
stainless  .steel  diaphragm  vibrates  with  the  incident 
.sound  transmitted  through  the  chest  wall.  A  thin 
piezoelectric  ceramic  is  bonded  to  the  diaphragm.  The 
ceramic  operates  in  a  radial-flexure  mode,  and  gen¬ 
erates  a  voltage  across  its  faces  proportional  to  the 
incident  .sound.  This  voltage  feeds  a  high-input  im¬ 
pedance  amplifier,  whose  output  may  then  drive  a 
telemetry  system. 

Since  most  of  the  important  heart  sound  compo¬ 
nents  lie  in  the  range  from  about  20  cps  to  about 
2  kc.  the  flat  response  and  small  size  of  the  micro¬ 
phone  in  this  region  makes  it  an  excellent  instrument 
for  this  application. 
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FIG.  7— Method  for  making  electrical  analog  of  systolic  blood 
■  pressure 
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SKIN  RESISTANCE  (GSR) — The  galvanic  skin 
response  is  a  measure  of  the  d-c  resistance  of  the 
skin  between  two  electrodes  on  the  body*.  This  resist¬ 
ance  decreases  markedly  with  emotional  changes,  and 
with  reactions  to  unexpected  external  stimuli. 

The  gsr  can  hence  provide  an  indication  of  the 
general  emotional  state  of  the  pilot  and  of  his  re¬ 
sponse  to  an  emergency  situation. 

The  electrodes  are  of  the  same  type  as  described 
for  ecg.  They  may  be  applied  just  above  the  ankles, 
to  provide  the  lea.st  encumbrance  for  the  pilot.  The 
circuit  is  shown  in  Fig.  9.  The  B-i-  supply  and  the 
current-limiting  resistor  are  chosen  to  supply  essen¬ 
tially  constant  current  of  about  100  /la  to  the  skin. 
The  output  voltage  is  then  directly  proportional  to 
skin  resistance.  Normal  ba.sal  level  .skin  resistance 
depends  on  the  electrode  size  and  position  and  will 
usually  be  in  the  order  of  5,000  to  20,000  ohms. 
Changes  due  to  emotional  reactions  are  in  the  order 
of  5  to  10  percent  of  the  basal  level. 

Physiologically  the  resistance  change  .seems  to  de¬ 
pend  on  the  relatively  slow  action  of  the  sweat  glands 
in  the  skin.  Response  time  is  usually  several  seconds, 
with  periods  up  to  a  few  minutes  for  return  to  the 
basal  level. 

One  of  the  di.stinct  features  of  the  gsr  measure¬ 
ment  is  its  simplicity,  and  that  the  output  changes 
may  be  in  the  order  of  fractions  of  a  volt,  and  hence 
will  require  little  or  no  amplification  before  presenta¬ 
tion  to  the  telemetry. 

ELECTROENCEPHALOGRAM  (EEG)— The  eeg, 
or  brain  wave  pattern  provides  a  general  indication 
of  the  state  of  alertne.ss  of  the  pilot.  In  addition, 
there  is  evidence  to  indicate  that  the  eeg  is  a  sensi¬ 
tive  indicator  of  anoxia.  This  .seems  reasonable,  since 
the  brain  is  the  organ  most  sensitive  to  a  deficiency 
of  oxygen. 

Because  of  the  low’  signal  amplitudes  and  low  fre¬ 
quencies,  eeg  measurements  require  the  use  of  very 
low  noise  differential  d-c  amplifiers,  careful  shielding 
and  excellent  electrode  contacts  to  the  scalp  and  fore¬ 
head. 

Ideally,  an  eeg  preamplifier  might  be  built  into  a 
skull  cap  to  minimize  the  pickup  problems.  This  is 
difficult,  however,  with  present  day  amplifiers.  The 
best  commercially  available  low-level  d-c  amplifiers 
with  the  requisite  bandwidth  (d-c  to  50  cps)  and  high 
input  impedance  (100,000  ohms  or  more)  use  mechan¬ 
ical  choppers,  which  are  relatively  bulky  and  power 
consuming. 

Transistorized  choppers  consume  little  power  and 
are  small  enough,  but  have  much  too  high  a  noise 
level,  tenths  of  millivolts  as  compared  to  microvolts 
or  less  for  mechanical  choppers.  A  solution  to  the 
problem  of  eeg  measurements  hence  seems  to  be 
waiting  on  the  state  of  the  art,  and  requires  a  low 
noise  solid-state  chopper,  a  tiny,  rugged,  low  power 
mechanical  chopper,  or  a  completely  novel  approach. 

CIRCUIT  PACKAGING — There  are  many  possible 
approaches  to  circuit  packaging  for  physiological 
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FIG.  8 — Configuration  of  microphono  utod  for  doloclion  of  hoort 
sounds 


FIG.  9— Galvanic  skin  rosponso  circuit  is  similar  to  that  usod  in 
lio  dotoctors 


electronic  circuitry. 

One  approach  that  has  been  found  useful  for  a 
multichannel  system,  with  essentially  different  func¬ 
tions  on  each  channel,  is  to  break  the  circuitry  down 
into  functional  bIock.s,  and  mount  each  functional 
block  on  a  replaceable  plug-in  module  card.  These 
cards  slide  into  slots  and  plug  into  connectors  in  a 
card  tray. 

Since  some  of  the  transducers  operate  at  low  signal 
levels,  pickup  and  cross-channel  coupling  into  the 
initial  low-level  stages  must  be  avoided.  Shielding  of 
critical  circuit  cards  is  achieved  by  using  dummy 
metal  circuit  cards  in  the  slots  to  either  side  of  the 
low-level  cards. 

Inputs,  outputs  and  interconnections  between  cards 
are  made  at  the  backs  of  the  connectors.  If  a  circuit 
malfunctions,  all  that  is  required  is  to  pull  the  card 
and  plug  in  another  of  the  .same  type. 

Balance  controls,  trimmer  potentiometers  and  other 
circuit  elements  requiring  adju.stment  are  acce.ssible 
from  the  same  direction  as  the  direction  of  insertion 
or  removal  of  the  card.  All  adjustments  are  screw'- 
driver  type,  during  normal  operation  of  the  circuit. 
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Logic  Networks  Aid 


Slmpfe  electronic  circuits  make  up  logical  networks  used  by  psychologists  to 
determine  how  a  subject  solves  problems.  This  computer-type  device  tests 
human  ability  to  carry  out  logical  analysis  and  synthesis 


By  CAXTON  C.  FOSTER,  Research  Associate,  Mental  Health  Research  Institute,  University  of  Michigan,  Ann  Arbor,  Mich. 


FIG.  1— Top-panel  view  of  the  tronsistoriied  problem-solving  device  shows 
the  arrangement  of  pushbuttons  with  o  problem  disk  in  place 


ONE  ASPECT  of  intelligence  is  the 
ability  to  carry  out  logical 
analysis  and  synthesis.  The  device 
described  here  is  intended  to  meas¬ 
ure  this  ability  in  direct  fashion  by 
presenting  a  subject  with  a  logical 
network  that  he  must  understand  to 
solve  a  problem.  The  present  device 
is  an  outgrowth  of  the  problem¬ 
solving  apparatus  de.scribed  by 
.Miller  and  John.' 

Blinking  Lights 

As  can  be  seen  from  Fig.  1,  there 
are  six  numbered  lighted  pushbut¬ 
tons  and  three  lighted  pushbuttons, 
.4,  li  and  C,  placed  in  a  circle 
around  a  center  light  button,  X.  In 
the  upper  right  hand  corner  of  the 
panel  is  a  small  time  light  that  al¬ 
ternates  on  and  off,  every  four  sec¬ 
onds.  These  on-off  periods  of  the 
time  light  in  the  corner  are  called 


NIGHT  and  DAY. 

Each  problem  is  presented  as  a 
cau.se  and  effect  relationship  that 
can  be  understood  by  analyzing  the 
sequence  and  timing  of  the  blinking 
lights,  and  their  dependence  upon 
the  on-off  condition  of  the  timing 
light. 

Each  pushbutton  is  connected 
through  the  problem  plug  to  either 
a  DAY  bus  or  a  NIGHT  bus,  only  one 
of  which  is  active  at  a  time.  Thus 
some  lights  may  be  turned  on  manu¬ 
ally  during  the  DAY  only,  and  the 
remainder  during  the  NIGHT  only. 

The  subject’s  ta.sk  is  to  discover 
the  on-off  relationships  of  these 
lights,  so  that  he  can  control  the 
lighting  of  the  center  light  by  press¬ 
ing  only  the  pushbuttons  A,  B  and 
C  in  a  correct  sequence. 

The  subject  is  aided  in  his  task 
by  a  white  information  disk  that  is 


the  device.  Thus  the  networks  ar( 
quickly  interchangeable  for  stand- 
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FIG.  2— logical  networks  show  relation¬ 
ships  represented  by  arrows  on  the  prob¬ 
lem  disk 
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Psychological  Testing 


ard  tests,  but  new  networks  can  be 
developed  and  produced  in  one  or 
two  hours  when  required. 

Logic  Diagram 

Figure  3  is  a  logic  diagram  that 
helps  give  an  understanding  of  the 
device.  Light  1  is  connected  directly 
to  light  2.  Assume  that  light  1  is 
on.  After  four  .seconds  have  elapsed, 
light  1  will  go  out  and  light  2  will 
go  on.  If  light  2  were  directly  con¬ 
nected  to  the  X  light,  at  the  expira¬ 
tion  of  another  4  seconds  2  would  go 
out  and  X  would  be  lit.  As  previ¬ 
ously  mentioned,  the  timing  light 
alternates  four  .seconds  on  and  four 
seconds  off.  The  consequences  of  the 
DAY  or  ON  periods  will  be  di.scovered 
in  the  off  or  night  and  conversely. 

To  light  center  light  X,  lights  2 
and  C  but  not  4  are  required.  Light 

2  may  be  lit  from  1,  which  in  turn 
may  be  lit  by  B.  But  B  al.so  lights 

3  which  in  turn  lights  4,  inhibiting 
the  center  light.  If  A  is  activated 
while  1  and  3  are  on,  it  inhibits  4 
.so  that  2  and  C  together  cause  the 
center  light  X  to  go  on.  Therefore, 
the  correct  solution  is  B,  then  A, 
then  C. 


Logical  Circuifs 

The  circuits  u.sed  are  straight¬ 
forward,  similar  to  a  trigger  chain 
in  its  operation  with  the  addition  of 
logical  circuits  between  the  ele¬ 
ments.  Standard  plug-in,  transis¬ 
torized,  flip-flops  are  used  as  the 
storage  elements  for  convenience  in 


FIG.  3— Diagrammatic  representation  of  a 
typical  problem.  This  unfolding  of  the 
problem  disk  has  been  labeled  to  show  the 
actual  relationships  existing.  Sequence  B, 
A,  C  causes  X  to  light  in  the  next  time 
period 


design  and  maintenance  with  mini¬ 
mum  down  time.  The  logic  used  is 
the  positive-pulse  type.  Inverters 
for  the  NOT  circuits  are  placed  in 
the  problem  plugs  because  the  added 
coat  of  one  or  two  transistors  was 
felt  to  be  offset  by  the  availability 
and  low  cost  of  the  33-pin  plugs 
w’hich  contain  too  few  connections 
to  permit  bringing  out  the  comple¬ 
mentary  side  of  the  flip-flops. 

A  four-second  multivibrator 
drives  a  binary  flip-flop  which  con¬ 
trols  the  timing  light  or  DAY  and 
NIGHT  cycle.  It  also  drives  a  reset 
generator  to  trigger  the  advance 
bus.  A  small  loudspeaker  is  in¬ 
cluded,  pulsed  by  the  change  in  .state 
of  the  DAY-NIGHT  bu.ses  to  give  the 
subject  an  auditory  clue  to  empha¬ 
size  the  time  of  transfer.  The  multi¬ 
vibrator  flip-flop  circuit  was  used 
so  that  DAY  and  NIGHT  would  be  of 
equal  duration  without  need  for  any 
balancing  or  po.ssibility  of  drift. 
The  actual  duration  of  the  periods 
is  not  critical,  but  they  mu.st  be 
equal. 

Why  Use  a  Machine? 

There  are  several  rea.sons  for 
using  a  machine  rather  than  a  pen¬ 
cil  and  paper  test.  Firstly,  the  ta.sk 
appears  to  the  subject  more  as  a 
contest  or  game  than  as  a  test.  This 
keeps  interest  high  and  therefore 
performance  near  maximum.  Sec¬ 
ondly,  the  problem  is  contentless. 
It  is  not  of  the  form  “if  John  is 

....  then  Bill . but  .  .  .”  which 

may  carry  emotional  connotations 
in  addition  to  the  logical  structure. 
Thirdly,  if  mistakes  are  made  by  the 
subject,  they  soon  become  obvious 
when  the  machine  fails  to  perform 
in  a  logical  manner.  And  lastly,  in 
a  paper  and  pencil  test,  it  is  often 
difficult  to  recon.struct  the  subject’s 
methods  and  hypotheses  from  a 
final  an.swer  and  a  few  scribbles. 
We  can  have  with  this  machine,  by 
the  connection  of  an  event  recorder 
to  the  keys,  a  minute  to  minute 
record  of  each  fact  that  the  subject 
elicits  from  the  machine  and  a  rec¬ 
ord  of  the  partial  solutions  that  the 
subject  tries. 


Electronics  and  Behavior 

The  logical  analysis  devic*  described  here 
is  an  example  of  a  useful  application  of 
digital  techniques  applied  to  measurements 
in  the  behavioral  sciences.  Increased  uses 
of  electronic  devices  are  producing  changes 
in  research  methodology  of  the  science  of 
behavior.  Behavioral  scientists  hove  been 
quick  to  see  the  usefutneu  of  such  machines. 

A  logical  analysis  device,  developed  from 
the  same  source  as  the  one  described  in 
this  article,  is  being  used  at  the  Psycho¬ 
logical  Corporation,  New  York  City,  under 
the  direction  of  Charles  R.  Langmuir,  Head 
of  Reseorch  and  Special  Services.  Langmuir 
and  G.  K.  Bennett  recently  developed  an 
event  recorder  that  provides  an  automatic 
timed  record  of  every  action  performed  on 
their  logical  anolysis  device.  Data  collected 
by  them  indicates  that  this  device  is  useful 
in  selecting  computer  programmers.  Results 
of  experiments  at  the  University  of  Chicago 
differentiate  between  students  of  natural 
sciences  ond  the  social  sciences 


The  unit  wa.s  de.signed  with  a  con¬ 
ventional  main.s  operated  power  .sup¬ 
ply,  but  thi.s  may  be  replaced  with 
eight  type  U  dry  cells  for  use  in  the 
field  if  that  is  required.  Consider¬ 
able  data  have  been  collected  using 
this  device,  about  individuals  and 
groups  of  three.  The  unit  has  op¬ 
erated  satisfactorily  for  almost  a 
year  with  little  downtime. 

At  present  there  are  several  basic 
problems  and  several  “geographic 
varients”  made  by  relabeling  the 
lights  on  an  unfolded  logic  diagram. 

While  formally  identical,  these 
look  very  different  from  each  other 
and  no  subject  has  yet  discovered 
the  similarity.  It  is  possible  to  ar¬ 
range  the  problems  to  have  long 
chains  of  casual  sequences,  or  short 
multiple  convergent  chains.  Ue- 
.search  is  now  being  conducted  to 
di.scover  if  different  people  perform 
differently  on  these  two  kinds  of 
problems. 

A  commercial  version  of  the  de¬ 
sign  is  now  available  from  Logic 
Research  Corporation  of  Chicago. 
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High-Density  Recording 
On  Magnetic  Tape 


Self-clocking  technique  is  used  to  bypass  problems  of  digital  recording  at  a 
density  of  1,500  bits  per  inch.  High  reliability  is  obtained  with  no  information 
drop  out 


By  ANDREW  GABOR,  Senior  KiiRineer,  Potter  Instrument  Pompany,  Plainview,  X.  Y. 


Eauly  magnetic  recording,  de¬ 
veloped  for  audio  signals,  used 
a  wire  as  the  storage  medium. 
Physical  considerations  imposed  a 
limit  of  single  channel  operation,  a 
limitatittn  which  has  subsequently 
been  removed  with  the  advent  of  pa¬ 
per  and  then  plastic  base  tapes. 
The  parallel  track  tape  offers  the 
important  advantage  that  a  com¬ 
plete  multibit  character  can  be  re¬ 
corded  directly  in  binary,  binary 
coded  decimal,  or  any  other  suitable 
coding,  as  a  parallel-in,  parallel-out 
operation.  Most  present  computer 


systems  with  tape  storage  u.se  the 
parallel  method.  Longitudinal  bit 
packing  density  of  200  bits  per  inch 
is  common  and  .100  per  inch  is  be¬ 
coming  usual. 

One  important  characteristic  of 
the  earlier  wire  recorder  that  is  not 
possessed  by  the  conventional  paral¬ 
lel  systems  of  today  is  the  property 
of  self-cl(K‘king  within  a  single 
channel.  This  obvious  requirement 
of  any  single  channel  system  was 
obtained  from  a  more  complex  wave¬ 
form  than  the  simple  return-to-zero 
(RZ)  or  non-return-to-zero  (NRZ) 


logic  of  parallel  systems.  The  .self¬ 
clocking  feature  depends,  in  one 
way  or  another,  on  having  at  least 
one  flux  reversal  for  each  bit, 
whether  it  is  a  one  or  a  zero. 

High-Density  Recording 

This  high  density,  multitrack  re¬ 
cording  sy.stem  uses  the  self-clock¬ 
ing  feature  of  the  earlier  .system  to 
bypass  the  enormous  difficulties  as- 
.sociated  with  pushing  the  density 
limits  of  conventional  parallel  re¬ 
cording  beyond  the  300  bits  per  inch 
level.  Reliability  greatly  in  advance 
of  that  reported  for  parallel  high 
density  .systems  has  been  achieved 
with  this  approach,  and  data  trans¬ 
fer  rates  clo.se  to  500,000  eight-bit 
characters  per  second  are  feasible. 

The  three  major  problems  of  high 
density  recording  are  pulse  crowd¬ 
ing,  interchannel  time  displacement 
and  information  drop  out.  These 
points  will  be  considered  separately. 

Pulse  Crowding 

When  the  longitudinal  density  of 
conventional  NRZ  recording  is  in- 
crea.sed,  two  effects  are  noted,  both 
.stemming  from  the  limited  resolu¬ 
tion  of  the  system.  One  effect  is 
that  playback  signal  amplitude  is 
large  when  the  pulse  spacing  is 
wide,  and  small  when  the  .spacing 
is  close.  The  ratio  of  amplitudes 
may  be  as  high  as  30  db,  depending 
on  pul.se  packing  density  and  the 
re.solution  of  the  system. 

The  .second  effect  is  illu.strated  in 
Fig.  1.  As  the  di.stance  between 
flux  transitions  varies,  which  is 
characteristic  of  NRZ  recording, 
the  playback  pulses  either  merge 
into  each  other  or  stretch  over  the 


FIG.  1 — Current  through  the  recording 
head  (A);  playback  signal  for  low  density 
recording  (B);  playback  signal  at  high 
density  (C) 


FIG.  3— Record  current  (A);  playback  signal 
for  low-density  signal  of  100  bits  per 
inch  (B);  playback  for  500  bits  per  inch 
(C);  1,200  bits  (D);  2,000  bits  (E) 


FIG.  4— Record  current  and  playback 
signal  at  high  density.  Short  wave  signals 
are  suppressed 


FIG.  2 — Record  current  for  at  least  one 
flux  reversal  per  bit.  Phase  shaft  method 
(A);  frequency  doubling  (B) 
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area  that  is  supposeu  a>  c.JMcain  no 
signal.  Discriniinati  n  nust  be 
made  between  amplitude  levels  at 
different  points  in  the  waveform. 
Thus  the  pure  absence-presence 
method  of  detection,  a  fundamental 
feature  of  digital  circuits,  must  be 
abandoned  and  analog  techniques 
adopted  instead.’ 

The  combination  of  the  two  phe¬ 
nomena  is  known  as  the  pulse 
crowding  effect.  It  should  be  noted 
that  the  pulse  crowding  effect  in  its 
severe  form  occurs  only  when  high 
pul.se  packing  density  is  combined 
with  large  spacing  variation  be¬ 
tween  successive  pulses. 

The  difficulties  can  be  overcome 
by  providing  at  least  one  flux  transi¬ 
tion  in  each  bit  cell,  thereby  holding 
the  di.stance  variation  to  two  to 
one.'  “  *  Waveforms  for  two  varia¬ 
tions  of  the  method  are  shown  in 
Fig.  2. 

The  two  methods  of  overcoming 
pulse  crowding — phase  shift  and 
frequency  doubling — are  equivalent 
e.xcept  that  some  circuit  simplifica¬ 
tions  are  possible  with  the  fre¬ 
quency-doubling  technique.  The  ef¬ 
fect  of  bit  density  wdth  this  type  of 
recording  is  shown  in  Fig.  3  for 
various  arbitrarily  labelled  den¬ 
sities. 

Waveforms 

In  Fig.  3E,  the  playback  wave¬ 
form  of  the  2,000  bit  per  inch  sig¬ 
nal  is  seen  to  have  a  small  voltage 
swing  for  closely  spaced  flux  transi¬ 
tions  compared  to  the  large  voltage 
swing  for  the  longer  wave  signals. 
The  voltage  difference  is  caused  by 
the  reduced  high  frequency  re¬ 
sponse  in  the  overall  record-play¬ 
back  systems.  The  waveform  shown 
is  for  a  high  frequency  cutoff  slope 
of  20  db  per  octave. 

It  would  appear  that  an  appro¬ 
priate  filter  in  the  linear  portion  of 
the  playback  amplifier  could  restore 
the  waveform  to  that  of  Fig.  3D  or 
even  3C.  This  is  true  for  the  pat¬ 
tern  of  Fig.  3  but  there  are  other 
considerations  for  the  pattern  of 
Fig.  4,  where  a  different  .sequence 
of  digits  is  used.  A  suppression  of 
the  short  wave  signals  in  the  vicin¬ 
ity  of  a  longer  wave  can  be  ob¬ 
served.  Not  only  are  there  two  dif¬ 
ferent  amplitudes  for  the  two 
frequencies  involved  but  there  is  a 
considerable  amplitude  variation  in 


the  short  wave  component.  The  am¬ 
plitude  variation  depends  on  the 
distance  from  the  longer  wave  sig¬ 
nal.  Since  this  is  cau.sed  by  non¬ 
linear  effects  during  recording,  it 
is  impossible  to  correct  it  by  linear 
filters  in  the  playback  amplifier. 

This  short  wave  suppre.ssion  is 
the  factor  that  .sets  the  practical 
limit  of  density  to  a  value  where 
the  high-frequency  cutoff  slope  of 
the  overall  record-playback  system 
is  not  more  than  approximatelj  10 
db  per  octave.  O.scillograms  of  play¬ 
back  waveforms  for  a  10  to  one 
packing  density  are  shown  in  Fig.  5. 
The  pattern  recorded  is  11101110- 
1110. 

Inter-Channel  Time  Displacement 

When  a  high  bit  packing  density 
is  used  in  conventional  parallel  re¬ 
cording,  inter-channel  time  displace¬ 
ment  becomes  the  limiting  factor 
in  system  capability.  Since  the  tape, 
the  head  and  the  drive  system  are 
responsible  for  a  major  part  of  the 
displacement,  any  improvement  im¬ 
plies  more  critical  mechanical  de¬ 
sign.  While  conservative  machines 
operate  at  200  to  250  bits  per  inch, 
some  designs  have  pushed  the  limit 
to  555  bits  per  inch  for  computer 
applications  and  even  higher  where 


FIG.  6— Ouillocramt  (laft)  el  700  bits  par 
inch  playback  (A);  1,000  bit*  (B);  1,500 
(C);  2,000  (D) 


oTo I  0  I  I  I  1  iTo  1  0  I  0  I  I 


FIG.  6— Clock  input  to  record  circuit  (A) 
data  input  to  record  circuit  (B);  clock  and 
data  added  (C);  record  current  (D);  play¬ 
back  lignol  (E);  playback  after  linear 
shaping  (F);  after  clipping  (G);  after  R-C 
coupling  (H);  gate  derived  from  H  signal 
(J);  clock— ff  gated  by  J  (K);  data  output 
—H  gated  by  J  inverted  (1) 

exceptionally  high  error  rates  can 
be  tolerated. 

Mechanical  limitations,  which  arc 
inseparable  from  parallel  coinci 
dence  type  recording,  can  be  elimi¬ 
nated  by  electronic  means.  Clock 
information  is  derived  from  the  re¬ 
corded  information  itself.  Since  in¬ 
formation  and  clock  are  recorded  in 
the  .same  track,  inter-channel  time 
displacement  does  not  affect  data 
recovery. 

Figure  6  shows  the  ■waveforms 
of  this  self-clocking  system. 

Clock  pulses  that  mark  the  bit  cell 
boundaries  are  fed  to  the  record  am¬ 
plifier  continuously  regardle.ss  of 
data  bit  combination.  Data  pulses 
— a  pulse  for  a  1  and  absent  pulse 
for  0— are  delayed  to  appear  in  the 
center  of  the  cell  boundaries.  Data 
and  clock  pulses  are  mixed  or  added 
and  then  u.sed  to  trigger  a  flip-flop. 
The  flip-flop  generates  a  current  re¬ 
versal  for  each  pulse  and  the  result 
is  the  record  waveform  f)f  Fig.  6. 
The  method  is  .shown  in  Fig.  7. 

The  extra  transitions  at  the  cell 
boundaries  serve  a  double  purpose. 
Fir.st,  by  their  regular  appearance 
they  prevent  pul.se  crowding  when 
recording  a  1  after  several  O’s;  sec¬ 
ond,  they  can  be  interpreted  as  clock 
pulses  by  using  appropriate  cir- 
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FIG.  7— Data  it  dtlaytd  one-half  cell  to 
obtain  record  current 


FIG.  8— Data  and  clock  signals  are  sep¬ 
arated.  Monostable  multivibrator  No.  1 
has  a  time  delay  of  0.25  of  the  repetition 
time,  muhi  No.  2  has  a  time  delay  of 
0.5  of  repetition  time 


FIG.  9— Oscillograms  of  1,500  bit  system. 
Playback  signol  (A);  signal  after  filter 
(8);  after  clipping  (C);  clock  and  data 
outputs  (D);  gate  and  recovered  clock  (E) 


cuitry  in  the  playback  system. 

The  playback  waveform,  as  ob¬ 
tained  directly  from  the  pickup 
head,  is  not  suitable  for  information 
recovery  but  must  pass  through  a 
linear  shaping  mesh.  While  there 
are  a  number  of  systems  using  de¬ 
lay  and  subsequent  subtraction,  a 
signal  with  many  favorable  features 
can  be  obtained  by  using  a  properly 
designed  linear  filter.  A  network 
composed  of  two  R-C  sections  con¬ 
verts  the  playback  signal  of  Fig. 
6E  into  the  waveform  of  6F.  Clip¬ 
ping  the  signal  at  both  top  and  bot¬ 
tom  close  to  the  ba.se  line  gives  a 
signal  which  is  the  exact  reproduc¬ 
tion  of  the  record  current.  Compare 
Fig.  6D  with  6G. 

After  R-C  coupling  and  full  wave 
rectification,  the  signal  of  F'ig.  6H, 
a  reproduction  of  6C,  is  obtained. 
These  pulses  are  u.sed  to  trigger  an 
appropriate  gating  circuit  which 
separates  the  clock  and  data  as  indi¬ 
cated  in  Fig.  6.J,  6K  and  6L.  The 
gating  logic  is  shown  in  Fig.  8. 


The  signal  of  Fig.  6H  passes 
through  an  and  gate  and  triggers  a 
monostable  multivibrator  which 
provides  a  0.25  cell-time  delay.  The 
delayed  pulse  then  triggers  a  gate 
multivibrator  with  a  pulse  width  of 
0.5  cell  time.  After  inversion,  this 
gate  pul.se  is  u.sed  to  inhibit  the  in¬ 
formation  pulses  .so  AND  gate  No.  1 
passes  the  clock  pulses  only.  At  the 
same  time,  the  gate  pulse  enables 
AND  gate  No.  2  to  reject  clock  pul.ses 
and  pass  the  information  pulses 
only.  Recovery  of  both  the  recorded 
information  and  clock  is  thereby 
completed. 

Figure  9  shows  typical  oscillo¬ 
grams  of  the  playback  signals  for 
a  packing  density  of  1,500  bits  per 
inch. 

System  Capacity 

Single  channel  sy.stems  using  .se¬ 
rial  recording  are  effective  for  those 
applications  in  which  it  is  desired 
to  maximize  the  information  con¬ 
tent  of  a  tape  storage  system,  but 


where  the  net  data  rate  may  be  at 
conventional  levels.  For  example,  a 
system  operating  at  1,600  bits  per 
inch,  8  channels,  3,600  feet  of  tape, 
has  a  capacity  of  520  x  10*  bits. 
A  standard  200  bits  per  inch,  7  in¬ 
formation  channel  reel  of  the  same 
tape  will  have  a  total  capacity  of 
60  X  10"  bits. 

Operating  the  high-density  sin¬ 
gle-track  tape  at  a  speed  of  70 
inches  per  second  gives  the  same  re¬ 
sult  as  the  conventional  system 
operated  at  75  inches  per  second. 
Both  yield  15,000  seven  bit  charac¬ 
ters  per  second. 

The  principal  di.sadvantage  of  the 
high-density  single-track  system  is 
that  one  must  switch  to  each  chan¬ 
nel  in  .sequence,  eight  in  the  exam¬ 
ple  cited  above,  with  a  time  lo.ss  of 
at  lea.st  a  few  milliseconds  during 
the  switching  period.  However,  only 
a  single  channel  record  amplifier 
and  a  single  channel  playback  am¬ 
plifier  are  required.  System  cost, 
even  including  a  serial-to-parallel 
buffer  is  therefore  economical. 

Multichannel  operation  may  be 
used  with  high-density  recording. 
Because  the  information  in  each 
channel  is  .self-clocking,  the  multi¬ 
channel,  high-density  system  is  free 
from  critical  reliance  upon  inter¬ 
channel  time  displacement  effects 
which  de.stroy  the  reliability  of  con¬ 
ventional  parallel  coincidence  type 
recording  systems  at  densities  in 
excess  of  several  hundred  bits  per 
inch.  The  .self-clocking  feature  of 
the  recording  controls  the  loading 
of  a  de.skewing  buffer  for  parallel 
recovery  of  multichannel  data. 

Circulating  Buffer 

To  eliminate  inter-channel  time 
displacement  effects,  characters  are 
read  off  the  tape  and  stored  tempo¬ 
rarily  in  a  circulating  buffer  (not  a 
shift  register).  The  number  of  col¬ 
umns  in  the  buffer  must  equal  the 
number  of  channels  on  the  tape.  The 
number  of  lines  in  the  buffer  must 
provide  sufficient  time  for  the  maxi¬ 
mum  expected  interchannel  time 
displacement  to  be  neutralized. 
Loading  into  the  buffer  is  timed  by 
playback  clock  pulses  of  each  chan¬ 
nel  separately. 

The  buffer  is  unloaded  a  line  at 
a  time,  each  line  constituting  one 
character.  The  sequence  operation 
is  illustrated  in  Fig.  10,  which 
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shows  an  interchannel  displacement 
of  one  bit  from  channel  to  channel. 

Circuit  techniques  of  the  circulat¬ 
ing  buffer  depend  on  its  size.  Tran¬ 
sistor  flip-flops  may  be  used  for  the 
smaller  buffers  while  larger  buffers 
are  most  economically  constructed 
with  coincident  current  magnetic 
cores.  Fig.  11  is  the  block  diagram 
of  a  3-column,  4-line  circulating 
buffer. 

Information  Drop  Out 

Reliability  is  a  key  consideration 
in  digital  storage  devices.  Tests 
have  shown  that  the  equipment  will 
function  with  excellent  reliability 


with  a  longitudinal  density  of  1,500 
bits  per  inch  and  a  lateral  density 
of  16  channels  per  inch. 

Longitudinal  density  up  to  2,500 
bits  per  inch  has  been  checked ; 
marginal  operation  occurs  between 
2,000  and  2,300  bits  per  inch.  Short 
wave  suppression  is  the  most  seri¬ 
ous  effect.  Other  limitations  are 
susceptibility  to  drop-out,  increased 
amplifier  and  .stray  noise  effects  re¬ 
sulting  from  a  wider  frequency 
band,  and  a  drop  in  signal  ampli¬ 
tude.*-  “ 

Lateral  density  up  to  25  channels 
per  inch  has  been  checked  with  the 
following  results : 
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FIG.  10— Data  from  a  Ihrce-channel  tape  with  an  inter-channel  time  displacement  of 
one  bit  is  stored  temporarily  in  a  circulating  buffer.  The  buffer  is  shown  at  various 
stages  in  the  storage-readout  cycle 
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FIG.  12— Drop-out  count  circuit  counts  all 
lost  bits.  Tapes  have  been  recorded  with 
all  ones  since  leros  would  come  through 
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Another  set  of  tests  was  made  to 
determine  sensitivity  to  circuit  pa- 

rameter  variations. 

The  power  sup- 

ply  voltage  of  the  complete  playback 
system  was  varied  and  drop-out  ob¬ 
served.  The  following  results  were 

observed : 

POWER  SUPPLY 

LOST  BITS 

VOLTAGE 

OUT  OF  45x10 

133 

0 

100  (Nominal) 

0 

60 

0 

50 

72 

41  11,585 

Tests  were  made  to  determine  the 
effect  of  tape  wear.  Of  a  dozen  new 
tapes  from  several  well  known  man¬ 
ufacturers,  one  third  showed  no 
drop-out  on  the  first  run.  Ten  to  20 
pas.ses  of  the  other  tw’o-thirds  elimi¬ 
nated  drop-out  except  for  two  areas 
where  gross  defects  in  the  oxide 
surface  of  the  tape  were  visible. 
After  the  wear-in  process,  no  signal 
deterioration  was  observed  in  sev¬ 
eral  thou.sand  pas.ses  of  short  dura¬ 
tion  forward-reverse  cycles. 

A  block  diagram  of  the  drop-out 
te.st  is  shown  in  Fig.  12. 

The  author  acknowledges  the  con¬ 
tribution  of  A.  \V.  Barber,  G.  E. 
Comstock  III,  J,  T.  Potter  and  R.  L. 
Snyder. 
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Electronic  and  Mechanical 


Here  are  1 1  gages  suited  to  electronic  production  and  test  applications. 
Improved  electronic  gage  designs  extend  measuring  range  to  10  ’^  mm  Hg 


Life  and  reliability  of  electronic  components  can 
depend  in  many  cases  upon  the  competence  with 
w’hich  a  vacuum  gane  is  chosen  and  installed  in  the 
production  or  test  setup.  Measuring  high  vacuum, 
like  producing  it,'  poses  di.stinct  problems.  Engineer¬ 
ing  advice  should  be  considered  an  important  part 
of  an  in.strument  purcha.se. 

A  gage  installed  in  a  radio  tube  exhau.st  manifold, 
for  example,  will  measure  vacuum  in  the  tube  only 
if  the  in.stallation  is  properly  designed.  Relea.se  of 
adsorbed  gases  from  materials  near  the  gage,  out- 
gassing  in  the  gtige  it.self  or  obstacles  to  the  line-of- 
sight  paths  of  gas  molecules  will  result  in  erroneous 
readings. 

Characteristics  and  operating  principles  of  various 
commercially  available  gages  are  de.scribed  below  in 
Table  I.  Exclusion  of  a  gage  or  manufacturer  does 
not  imply  an  unfavorable  judgement. 

(iA(iIN(>  TE('HN1(JUES — The  familiar  mechanical 
or  manometer  gages  may  be  used  at  moderate  pres¬ 
sures.  The  McLeod  design  extends  manometer  range 
by  compressing  a  sample  of  gas  by  a  known  volume 
ratio  before  pressure  is  read.  Electronic  gages,  com- 
m<»nly  of  the  conductivity  or  ionization  types,  are 
suitable  for  low  pressures  or  continuous  readings. 

In  conductivity  gages,  a  heated  wire  is  cooled  in 
proportion  to  the  number  of  gas  molecules  bombard¬ 
ing  it.  Sensitivity  is  limited  to  the  pre.ssure  at  which 


FIG.  I— Sk«tch«i  show  how  ioni  oro  producod  and  colloctod  For 
mooturomont  in  on  ordinary  hoi  Alomont  ion  gogo  (A),  Nolling- 
hom  or  Boyord-Alporl  ion  gogo  (B)  and  Rodhood  ion  gogo  (C). 
Anodo-cothodo  orrangomonl  in  Rodhood  is  also  shown  (D) 


cooling  by  molecular  transport  is  large  relative  to 
cooling  by  radiation. 

Ionization  gages  measure  ions  produced  by  the  col¬ 
lision  of  accelerated  electrons  with  gas  molecules. 
In  a  typical  design  (Fig.  lA),  electrons  emitted  by 
a  hot  filament  collide  with  a  molecule  at  x.  The  result¬ 
ing  ions  are  measured  at  the  plate  as  current  flow. 
X-ray  emi.ssion  from  the  grid,  causing  a  secondary 
emission  current  in  the  plate,  becomes  the  limiting 
factor,  at  about  5  x  lO'"  mm  Hg. 

IMPROVED  DESIGNS  —  Nottingham  and  Bayard- 
Alpert  designs  (Fig.  IB)  are  similar,  but  u.se  a 
single  w'ire  plate.  The  wire  provides  a  small  X-ray 
target  and  extends  hot  filament  ionization  gage  sensi¬ 
tivity  to  10"’  mm  Hg.  The  upper  limit  is  the  pressure 
at  which  the  filament  oxidizes.  Filament  burnout  is 
eliminated  in  the  Alphatron  by  its  use  of  a  small 
radium  ionizing  source.  It  can  be  used  at  pressures 
above  atmospheric;  source  constancy  makes  it  highly 
accurate.  In  the  Philips  cold  cathode  ionization  gage, 
electrons  from  iv  metal  cathode  are  deflected  by  a 
magnetic  field.  The  long  electron  path  gives  a  high 
number  of  ionizing  collisions  per  electron  and  pro¬ 
duces  a  self-sustaining  gas  discharge. 

The  newest  cold  cathode  design  (Fig.  1C  and  ID) 
is  the  Redhead’'  design.  A  large  permanent  magnet 
(not  shown)  provides  a  field  perpendicular  to  the 
plane  of  electron  travel.  Electrons  from  the  main 
cathode  travel  in  hypocycloidal  paths  to  the  anode. 
Ionizing  collisions  occur  and  the  ions  return  to  the 
cathode.  A  self-su.staining  gas  discharge  develops 
in  which  ion  current  is  proportional  to  pre.ssure. 
Since  electron  emission  is  proportional  to  ion  bom¬ 
bardment,  x-radiation  is  proportional  to  ion  current. 
X-ray  sensitivity  limits  are  removed  (field  emission 
is  probably  the  sensitivity  limitation). 

HIGH  VACl'A  ACCURACY — These  gages  are  pre¬ 
cise  enough  for  general  vacuum  work.  However,  the 
.sensitivity  of  electronic  gages  varies  with  gas  molec¬ 
ular  weight,  ionization  potential  and  the  like,  and 
residual  gas  may  not  have  the  composition  of  the 
original  gas.  A  mass  spectrograph  will  give  an  exact 
picture  of  the  gas  supplied  to  the  gage.  Knudsen  gage 
accuracy  makes  it  of  unique  importance  in  laboratory 
work,  but  it  is  too  fragile  for  industrial  use. 
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Gages  Check  High  Vacuum 

By  NORMAN  BEECHER,  1‘rojeot  MiinaKer,  National  Ueseanh  Corp.,  CaniliridKe,  Mass, 


Table  I— Operating  Principles  and  Characteristics  of  Representative  Vacuum  Gages 
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and  Mfgrs 

lig) 

Effect '■ 

MKCHANICAL 
Itoiirdon  i 

i 

of  eiirvfMl  tube 

0  1- 

I'.foffs  1 

1 

j 

1  .simple,  imvxpi'nsive;  ane-;l 

mechanical  linkages  may  stick 

riiimerouM 

elos»-<l  at  one  end 

76(t 

note  c  ; 

Iroid  somewhat  more  sensi-- 

lor  wear;  range  of  an  individual 

1 

)tive  than  Bourdon 

Wn-strument  rather  limited;  ex- 

Am-roitl  ! 

defle«-tion  of  thin-walled 

0  01- 

0 . 5%  of  fs  ! 

1  1 

1  c*eH8ive  presMure  can  cause 

\VT  ' 

evaeuatetl  Ikiv  j 

760 

note  c  j 

1  ! 

{ damage 

LIQUID  MANOMhrTKIt 

Ordinary 

height  of  liquid  column 

0  01- 

0  l%of  fS| 

'  all  are  .simple,  prov  ide. 

!  all  have  fluid  in  contact  with 

numerous 

supporttsl  by  pressuri**’ 

760 

note  c 

jalisolute  standard;  ord- 

[system;  ordinary  must  be  verti- 

1 

jinary  type’s  measuring 

leal,  vapor  pressure  may  affect 

Diihrovin 

saiiM*  with  dilTerenlial  float 

0  1- 

0  1  mm  1 

^devices  may  In*  complex;' 

[low  pressun*  n*adings;  Du- 

\VL 

adiled  to  expand  reading 

20 

mite  r  | 

1  Diilirovin  is  inexpensive;! 

^Imivin  is  glass,  must  be  ver- 

i 

1  Mi-I^eml  is  very  accurate 

[tical;  MclN-od  is  glass,  non- 

Melssnl  ! 

gas  eompression  plus 

10'- 

2%  of  pd  1 

1 

(xmtiniious  reailing.  does  not 

I.K.  CK' 

liqilifi  manometer  n'aflin^ 

i 

20 

note  <1 

j 

1  measure  condensalde  gases.  Hg 

J  may  stick 

HKAT  CONDUCTIVITY 

j 

Tla-rmoeouple 

temperature  of  w  ire  heaU-d 

10 

20*4  of  p<l  ; 

1  simplest  electrical  gages. 

1  require  ele<-trical  <*00^01;  ac- 

Nil.  CK,  VKl 

ehs-trieally,  eoo|e<|  by  gas 

1 

note  e  ! 

1  no  burnout  if  exposeil  to 

^curacy  at  low  pressures  reduc'd 

1 

)air,  rugged;  Pirani  is^ 

]  by  radiation  effects 

Pirani 

similar,  but  win*  tempmea- 

10  • 

15%  of  pd  1 

1  slightly  more  aci'urate  \ 

Nil.  CK.  VKi 

sured  by  resistani-e  change 

1 

note  e 

J  j 

1 

IONIZATION 

•Alphatron 

measures  ions  priMlueed  by 

I0->- 

2*  f  of  fs 

accuracy  unique  for  opera- 

!  req uires  s4msi  ti  v e  a m  pli fier ;  dis- 

NR 

alpha  particles  from  Ra 

'  1IM) 

mite  f 

ting  range;  will  not  burn 

;  assembly  only  by  trained  per- 

emit  ter  in  shieldeil  chandler 

out 

j  sonnel 

Philips 

ions  pnHiuced  by  electrons 

;  lO'- 

lO'  c  of  fs 

canmit  burn  mit;  simple 

>  non-linear;  Hg  poisons;  more 

1  Penning) 

emitted  from  cold  cathode 

■  0  .*> 

note  f 

microammeter  for  reading 

,  easily  contaminated,  harder  to 

NH.  CE.  UK 

1 

1  outgns  than  hot  cathode;  high 

1  yoltag«*s 

1 

Redhead 

magnetron  typ«*  Philips 

j  10'"- 

10'/,,  offs 

very  wide  range,  very  high 

i:  requires  delicate  <-ircuitry,  high 

NR 

i  10-' 

1 

note  f 

ser  sitivity 

1  voltage 

Hot  Cathoile 

!  ions  prtKluced  by  elei'tron.- 

i'  10-1"- 

10%  of  fs 

wide  range,  easily  isit- 

air  exposure  burns  mit  fila- 

Nll.CK,  VKi 

1  emitteil  from  hot  cathodf 

i 

1  10-’ 

note  f 

gas.s4‘d  by  hot  filament 

j  ment;  hot  filament  deconipoH4*s 
hydrfN’arlsjns;  <x>mplex  <*ontrol 
and  sensitive  amplifier 

MISCKKLANKOUS 

1 

Knudsen 

measiin-s  dilference  in  col- 

.  10 

note  g 

absolute  standard,  no 

delicate  mechanical  (Mirts.  hard 

lision  force  of  moU-r'iile! 
from  cold  ami  hot  .sourc< 

«  10  ’ 

note  c 

'  elei-tronic  controls 

to  oiitgas 

(a)  F'lill  scalt*  is  fs,  pri-ssiirt*  diHwIt*  is  |Ki  (li)  of  >fas 

iiioliM-ular  weigh!  on  reading  (c)  No  gas  elT*>fl  (d)  No  gas 
efTect  unless  eontiensation  tK’curs  (e)  More  sensitive  to 
lighter  gases  (f)  More  sensitive  to  heavier  gases  (a  fiinetion 
of  ease  of  ionizing  gas)  (g)  Inherently  very  aeenrate.  hut 
has  ineehanieal  prohleins  (h)  Sensitivity  inav  In-  inereased 
hy  ineehanieal  measuring  devieits  (i)  Also  made  hy  many 
seientiik'  glassware  manufaetiin'rs  (j)  Also  made  hy  others 


Key  to  Manufacturers 

CK  (xinsolidatetl  Khs'lrtMlynamies  Corp. 
LK  Ix'iNild  ((ieriuan,  available  from  Nit) 
NH  Nile.  I'^iiipment  (’.orp. 

VK  \  «“eeo  \  aeiium  Corp. 

WI,  Weleh  Si-ientilie  Co. 

WT  Wallaee  &  Tiernan,  Inc. 
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II  INCHES 
(SLIDE  RULE) 


0.0036  INCHES 
(BLOND  HAIR) 


l.l  INCHES 
(PINi;  PONG  BALU 


3.6  SECONDS 
0.001  DEGREE 


9  FEET 
4  INCHES 


100  miles 


1,000  MILES 


FIG.  1— Angl«  of  0.001  degre*  tpons  93  at  1,000  miles.  At  the  ^  inch  shaft  of  the  angle  transducer,  the  span  is  5.4  microinches 


High  Resolution  Angle 


The  transducer  uses  two  means  to 
sense  anjyles  over  the  full  360  de¬ 
gree  circle.  The  coarse  degree  in¬ 
formation  is  obtained  from  the  well 
established  brush  and  disk  prin¬ 
ciple.  The  information  is  obtained 
in  digital  form  and  indicates  the 
nearest  degree  of  the  angle.  The 
vernier  element  further  divides  up 
the  one  degree  into  1,000  parts  and 
furnishes  a  signal  w'hich  can  be  re- 
.solved  to  the  nearest  0.001  degree. 
The  vernier  element  introduces  a 
new  principle  into  analog  to  digital 
conversion:  quantization  by  radio 
interferrometry.'*  ’ 


Operating  Principle 

High  resolution  vernier  reading.^ 
are  obtained  from  a  rotating  elec¬ 
trostatic  tone  generator  which  is* 
located  inside  the  transducer.  The 
principle  of  tone  generation  is  illus¬ 
trated  in  Fig.  2.  The  insulated 
stator  and  the  grounded  rotor  are* 
separated  by  an  air  gap  of  a  few 
thousandths  of  an  inch  and  together 
they  form  a  variable  capacitor. 

As  the  rotor  turns,  the  capaci¬ 
tance  varies  a  few  tenths  of  a  micro¬ 
microfarad  as  the  rotor  serrations 
pass  those  on  the  fixed  stator.  The 
variation  of  capacitance  produces 
an  alternating  current  in  the  re¬ 
sistance-capacitance  circuit.  The 
alternating  signal  thus  developed 
is  e.ssentially  sinusoidal  and  is  used 
to  obtain  the  precise  angular  posi¬ 
tion  of  a  shaft. 

The  number  of  serrations  on 
rotor  and  stator  is  determined  by 
the  angular  measuring  sy.stem  be¬ 
ing  u.sed.  For  a  readout  in  terms 
of  degrees,  360  serrations  are  cut 


AngU  Irantducer  it  mountad  to  Space  Probe  Optical  Recording  Telescope.  Telescope  is 
representative  of  optical  tracking  instruments  used  at  White  Sands  Missile  Range 


shaft  position  of  special  radars  and 
optical  tracking  instruments. 

The  transducer  feeds  an  elec¬ 
tronic  circuit  which  derives  the 
angular  information  and  operates 
a  six  figure  digital  readout.  Angular 
resolution  and  accuracy  is  0.001 
degree,  or  3.6  seconds  of  arc.  The 
precision  of  an  angle  this  size  is  il¬ 
lustrated  in  Fig.  1. 


PRKCKSE,  AUTOMATIC  measure¬ 
ment  of  angular  position  is 
needed  for  optically  guided,  missile 
tracking  in.struments.  A  special 
angle  tran.sducer  of  unusual  design 
and  construction  has  recently  been 
developed  for  the  Ballistic  Research 
Laboratories  of  Aberdeen  Proving 
Ground,  Maryland.  The  transducer 
allows  real  time  digital  recording  of 
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Angle  measuring  and  encoding  system  uses  unusual  transducer  to  obtain 
high  resolution  and  accuracy.  System  can  be  adapted  to  binary  numbers 


By  L.  G.  deBEY,  Ballistic  Research  Laboratories,  Aberdeen  Proving  Ground,  Maryland 
DAVID  COMSTOCK,  Xorden  Division,  United  Aircraft  Corporation,  Milford,  Connecticut, 

and  STANLEY  B.  PETERSON  and  RICHARD  C.  WEBB,  Colorado  Research  Corporation,  Broomfleid,  Colorado 

Transducer  and  Encoder 


on  both  rotor  and  stator.  The  rotor 
is  driven  by  a  900  rpm  synchronous 
motor.  The  output  frequency,  then, 
is  determined  by  the  number  of 
times  the  serrations  line  up  with 
each  other  each  second.  For  the 
transducer  being  considered,  this 
is  /  =  (900/60)360  =  5.4kc. 

Two  electrostatic  tone  generators 
are  used  in  the  angle  sensing  trans¬ 
ducer.  The  rotors  are  mounted  on 
the  same  shaft  and  are  driven  by 
the  same  motor  as  shown  in  Fig. 
3.  One  of  the  stators  is  rigidly 
mounted  to  the  frame  of  the  trans¬ 
ducer  and  produces  a  5.4  kc  signal 
which  is  used  as  a  reference  signal. 
The  second  stator  is  mounted  on  a 
separate  movable  shaft  which  is 
positioned  as  a  function  of  the  angle 
being  measured. 

When  the  serrations  on  the  rotors 
iire  passing  the  serrations  of  the 
.stators  at  precisely  the  same  times, 
the  two  5.4  kc  signals  will  be  pre¬ 
cisely  in  phase  with  each  other.  But 
one  degree  of  mechanical  rotation 
of  the  movable  stator  will  produce 
360  electrical  degrees  of  shift  of  the 
information  signal.  The  amount  of 
pha.se  shift  between  the  information 
and  reference  signal  is  thus  a  mea.s- 
ure  of  rotation  of  the  sensor  shaft. 

Transducer 

Phase  difference  between  the  sig¬ 
nals  is  a  very  accurate  measure  of 
shaft  angle.  The  accuracy  results 
from  the  fact  that  each  of  the  two 
signals  is  generated  by  the  simul¬ 
taneous  effect  of  360  samples  of  the 
unit  angle  which  is  engraved  on 
rotors  and  stators.  Thus  random 
layout  errors  are  averaged  out. 


Furthermore,  errors  cau.sed  by 
shaft  runout,  eccentricity,  etc.,  are 
second  order  effects  and  thus  mini¬ 
mized. 

Figure  3  shows  the  assembly  of 
the  transducer.  At  the  left  is  the 
.synchronous  motor  which  drives  the 
two  rotors.  The  fixed  reference 
stator  is  shown  as  is  the  variable 
stator  and  input  shaft.  The  degree 
code  disc  and  brush  assembly  at 
right  are  used  to  determine  shaft 
angle  to  the  nearest  degree. 

Mechanically,  the  transducer  is 


FIG.  2— Frequency  of  5.4  kc  it  generated 
by  the  varying  capacitance  between  rotor 
and  stator 


FIG.  3— Degree  code  disk  ettoblithet  the 
ongle  to  the  nearest  degree.  Tone  gener¬ 
ators  provide  information  to  establish 
nearest  one  thousandths  degree 


rugged  and  does  not  need  delicate 
handling.  Constant  rotor  motion 
circulates  the  enclosed  air  and 
equalizes  temperature  variations. 
Dimensional  symmetry  is  thus 
maintained  over  a  wide  range  of 
ambient  temperatures. 

To  minimize  the  weight  of  the 
tran.sducer,  an  aluminum  alloy  was 
used  extensively  throughout,  with 
rotor  and  stator  elements  made  of 
a  free-machining  brass.  In  every 
case,  maximum  dimensional  .stabil¬ 
ity  was  achieved  by  artificial  aging, 
which  included  cycling  from  ele¬ 
vated  oven  temperatures  down  to 
—  150  F.  The  driving  motor  is  the 
smallest  size  that  can  start  and  run 
synchronously  with  the  friction  of 
grease  loaded  bearings  at  —55  C. 

To  maintain  extremely  high  pre¬ 
cision  in  all  component  parts  and 
subas.semblies,  it  was  necessary  to 
develop  special  machining  and 
measuring  techniques.  For  example, 
concentricities  and  face  wobble  of 
0.0001  inch  or  le.ss  are  held  at  all 
critical  points. 

One  of  the  most  important  opera¬ 
tions  in  the  manufacture  of  the 
transducer  is  machining  the  teeth 
on  stators  and  rotors.  A  special  di¬ 
viding  engine  was  designed  ex¬ 
pressly  for  this  purpose.  To  elimi¬ 
nate  dimensional  aberrations,  flex¬ 
ure  plates  were  used  to  supp<jrt  the 
cutting  edge.  Using  a  precisi*)n 
rotary  table,  angular  positioning  of 
the  serrations  was  accomplished  to 
about  three  seconds  of  arc.  Each 
.serration  was  made  individually  in 
eight  passes  of  the  cutting  tool  by 
semi-automatic  programming. 

All  mechanical  parts  of  the  in- 
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Elflctrenic  circuits  and  lh«  digital  raadout  are  housed  in  the  cabinal  at  Uft.  A  Wild  T-3 
theodolita,  accurate  to  rtl  second  of  arc,  is  used  to  check  transducer  accuracy 


strument  had  to  be  extremely  stiff 
and  ruKKed  to  prevent  small  bend¬ 
ing  and  torquinj?  which  would  af¬ 
fect  the  ultimate  accuracy.  Fur¬ 
thermore,  the  input  shaft  was  kept 
as  short  as  possible  and  its  diameter 
is  0.6249  inches.  To  keep  the  weight 
of  the  rotor  from  bending  the  motor 
shaft  and  thus  causing  undesirable 
gyrations,  the  .synchronous  motor 
has  a  i  inch  shaft. 

A  mechanical  design  objective 
was  to  minimize  electrical  cros.s- 
coupling  between  variable  and  ref¬ 
erence  circuits.  Leads  were  care¬ 
fully  shielded  and  isolated.  Fur¬ 
thermore,  placement  of  metal 
around  both  stators  was  maintained 
dimensionally  alike,  .so  that  output 
signals  would  be  as  nearly  identical 
as  po.ssible. 

Phase  Measurement 

The  data  from  the  transducer 
must  be  converted  into  digital  sig¬ 
nals.  Fig.  4  is  a  block  diagram  of 
the  electronic  encoder.  Signsils 
from  the  degree  code  disc  are  used 
for  the  nearest  degree  information. 
Signals  from  the  two  stators  are 
proces.sed  in  identical  channels. 
Each  channel  consists  primarily  of 
a  5.4  me  controlled  harmonic  oscil¬ 
lator,  a  divide  by  1,000  chain  and  a 
pha.se  comparator. 

Each  of  the  phase  comparators 
receives  two  5.4  kc  signals,  one 
from  the  tran.sducer  and  the  other 
from  one  of  the  1,000  to  one  fre¬ 
quency  dividers.  For  a  phase  differ¬ 
ence  between  these  signals,  a  con¬ 
trol  voltage  is  produced  which  is  fed 
back  to  the  5.4  me  o.scillator.  The 
oscillator  is  thus  controlled  to  pro¬ 
duce  exactly  1,000  cycles  for  each 
cycle  from  the  tran.sducer.  The  5.4 
me  o.scillator  is  the  equivalent  of  the 
1,000th  harmonic  of  the  5.4  kc 
tran.sducer  signal.  The  afe  loop  al- 
low's  the  .shaft  of  the  transducer  to 
be  slewed  at  rates  up  to  100  degrees 
per  second  without  lag  of  the  har¬ 
monic  signal. 

The  reference  pha.se  harmonic 
o.scillator  operates  continuou.sly  at 
a  nominal  5.4  me.  But  the  variable 
pha.se  o.scillator  will  shift  frequency 
as  the  transducer  input  shaft  turns. 
If  the  input  shaft  is  turned  one  de¬ 
gree  per  second  in  the  same  direc¬ 
tion  as  the  rotor  is  turning,  the  out¬ 
put  of  the  variable  phase  .stator  will 
be  S.-IOO  cycles  instead  of  5,400  from 


the  reference  phase.  If  the  input 
shaft  is  turned  against  the  direc¬ 
tion  of  the  rotor,  the  output  will  in¬ 
crease  above  5.4  kc  at  a  rate  pro¬ 
portional  to  shaft  rotation  speed. 
Since  the  basic  signals  are  multi¬ 
plied  by  1,000,  a  shaft  slew  rate  of 
one  degree  per  second  produces  a 
beat  difference  of  1,000  cps.  At  a 
shaft  slew  rate  of  100  degrees  per 
second,  the  beat  difference  or  inter¬ 
ference  rate  is  100  kc. 

The  signals  from  both  oscillators 
are  fed  to  a  phase  comparator  or  in¬ 
terference  detector  and  to  a  direc¬ 
tional  or  up-down  count  separator. 
As  the  variable  phase  harmonic 
o.scillator  moves  in  phase  one  cycle 
with  respect  to  the  reference  oscil¬ 
lator,  the  phase  comparator  goes 
through  one  cycle  of  null  and  rein¬ 
forcement.  By  means  of  derived 
quadrature  components,  the  up- 
down  separator  circuit  determines 


whether  the  variable  phase  oscil¬ 
lator  is  operating  faster  or  slower 
than  the  reference  oscillator  and  di¬ 
rects  the  interference  count  pulse 
to  appear  on  either  an  up  bus  or 
a  down  bus  for  delivery  to  the 
counter. 

A  three  decade  reversible  counter 
keeps  a  constant  record  of  the 
counts  and  thus  provides  continu¬ 
ous  storage  of  angular  position  in 
thousandths  of  a  mechanical  degree. 
When  the  input  shaft  of  the  trans¬ 
ducer  is  stationary,  both  reference 
and  variable  oscillator  operate  at 
the  .same  frequency.  But  the  counter 
contains  the  latest  angular  informa¬ 
tion  and  can  be  interrogated  at  any 
time  and  at  any  rate. 

Zero  Crossing 

The  vernier  counter  is  resettable 
to  zero  at  any  desired  point,  and 
will  keep  track  of  up  and  down 


D 


80 


OCTOBER  16,  1959  •  ELECTRONICS 


DEGREE  CODE 
DISK  signals 


5.4KC 

REFERENCE  PHASE 


COMPENSATOR 

FOR 

mechanical 

JITTER 


INPUT  SHAFT 


5.4KC 
VARIBLE  PHASE 


COMPENSATOR 

FOR 

mechanical 

JITTER 


CONTINUOUS 
OUtPUT  DEGREE 


VERNIER 


PIC.  4— EUctronic  circuits  giva  angular  raodout  occurota  to  naorast  0.001  dagraa.  Brush 
salacting  gota  pravants  arror  at  dagraa  crossavar  points 


counts  from  that  setting.  To  avoid 
cumulative  error,  the  counter  is  re¬ 
set  to  zero  each  time  there  is  an 
absolute  coincidence  of  the  signals 
from  the  1,000  to  one  divider 
chains.  Except  for  negligible  devia¬ 
tion  in  the  phase  control  loop,  the 
pha.se  coincidence  of  these  signals 
is  the  .same  as  the  primary  signals 
from  the  transducer. 

The  zero  crossing  coincidence  de¬ 
tector  must  operate  with  the  same 
definition  as  the  least  count  of  the 
instrument.  The  vernier  reset  sig¬ 
nal  at  each  degree  crossover  serves 
as  a  safety  feature  to  prevent  loss 
of  data  in  case  of  power  failure  or 
other  event  which  might  destroy  the 
stored  value. 

Degree  data  is  continuously 
available  in  binary  coded  decimal 
form  for  convenient  recording  and 
in  pure  decimal  form  for  certain 
types  of  printers  and  for  visual 


readout  as  shown  in  the  photo¬ 
graph.  Sampling  of  the  digital  data 
is  at  the  discretion  of  the  user. 

An  interesting  refinement  is  a 
compensating  circuit  which  re¬ 
moves  the  effects  of  the  final  un¬ 
avoidable  mechanical  imperfection 
in  the  tran.sducer.  There  remains 
a  minute  eccentricity  in  the  mount¬ 
ing  of  the  rotor  shaft  and  stator 
rings  which  results  in  a  small  15 
cps  modulation  of  the  5.4  kc  signal 
from  the  transducer.  The  phase 
modulation  which  accompanies  the 
amplitude  modulation  can  sw’ing  the 
harmonic  oscillators  a  few  cycles. 
A  jitter  compensation  circuit  de¬ 
modulates  the  amplitude  modula¬ 
tion  and  injects  this  15  cps  voltage 
into  the  associated  harmonic  oscil¬ 
lator  phase  control  loop,  effectively 
canceling  the  mechanically  intro¬ 
duced  phase  disturbances. 

Bearing  noi.se  shows  up  as  a  fine 


high  frequency  modulation  which 
is  largely  filtered  out  or  treated 
identically  by  the  two  afc  loops. 
Motor  speed  variations  appear  as 
frequency  modulation  common  to 
both  variable  and  reference  phase 
signals  but  the  effect  is  canceled  in 
the  final  phase  comparator  and  up- 
down  separator.  The  transducer 
motor  can  operate  at  line  fre¬ 
quencies  of  58  to  62  cps  with  no 
change  in  the  encoded  output. 

Remnant  system  noise  appears  as 
a  jitter  in  the  least  significant  digit. 
With  Nixie  lamp  readout,  readings 
to  i  count  of  the  la.st  significant 
digit  can  be  made  by  noting  when 
two  adjacent  numbers  are  glowing 
with  equal  brilliance. 

Performance 

The  transducer  and  electronic 
apparatus  are  extremely  rugged 
and  reliable.  The  tran.sducer  can 
take  wide  temperature  variations, 
and  vibration  and  shock  of  several 
g’s  up  to  500  cps  with  negligible  ef¬ 
fect  on  accuracy.  While  the  trans¬ 
ducer  itself  can  be  operated  up  to 
100  rpm,  the  encoded  readings 
freeze  at  a  little  over  100  degrees 
per  second.  The  readings  pick  up 
the  new  correct  readings  when  the 
slew  rate  returns  to  opproximately 
100  degrees  per  second. 

The  accuracy  of  the  system  is  ob¬ 
tained  with  stators  and  rotors  two 
inches  in  diameter.  The  mechanical 
precision  could  be  maintained  with 
rotors  up  to  eight  inches  and,  with 
more  serrations  available,  the  re.so- 
lution  might  be  improved  by  an 
order  of  magnitude.  While  the  sys¬ 
tem  described  gives  readings  in  de¬ 
grees  and  thousandths  of  a  degree, 
it  is  possible  to  use  a  pure  binary 
number  system.  An  encoder  of  the 
size  presently  being  used  would 
easily  yield  binary  coded  data  to  an 
accuracy  of  2"  or  2’*  bits. 

The  writers  gratefully  acknowl¬ 
edge  the  great  assistance  furnished 
by  Colorado  Research  Corporation 
engineers  Richard  E.  Howard,  Wil¬ 
bur  W.  Cloud  and  R.  H.  Bancroft. 
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Table  I— Failure  Data  Obtained  From  Initial  Meas- 


Results  of  life  tests  measuring  for¬ 
ward  voltage  drop  and  reverse 
leakage  current  of  four  rectifier 
types  at  25  C  and  1 50  C 

By  C.  L.  HANKS, 

Cattflle  Memorial  Institute,  Columbus,  Ohio 


Type 

Clurrent^ 

Rating 

(ma) 

PIV 

Rating 

(v) 

Spec  I.imita  at  23  C 

Forward  Voltage 
Drop  @ 

2  X  Rated 
C^urrent  (v) 

Reverse 
Current  @ 
Rated 

Voltage  (fia) 

1N.>38 

2.30 

!  200 

11 

10 

1N.>40 

230 

i  400 

11 

10 

1N.340 

230 

400 

1,1 

10 

1\.>47 

230 

600 

12 

2  0 

IN.^bO-J 

200 

800 

12 

20  0 

(a)  Defective  unit  is  one  falling  outside  present  MIL  spec 
limits  fb)  Propost'd  MIL  specs  reject  production  lots  receiv¬ 
ing  100%  inspection  where  %  defective  exceeds  1.0  (c)  Meas- 


Operational  and  Storage 


SIUCON  RECTIFIERS  .ire  playinp  an  increasingly  im¬ 
portant  role  in  military  electronic  equipment.  Their 
inherent  characteristics  of  hijjh  efficiency,  hifjh  cur¬ 
rent  capability  coupled  with  small  physical  size  and 
stability  at  relatively  higrh  ambient  temperatures 
have  made  them  desirable  for  certain  military  appli¬ 
cations.  The  introduction  of  silicon  rectifiers  into 
military  equipment  required  the  formulation  of  a 
specification  to  identify  and  control  the  parts  used. 
The  re.search  program  de.scribed  reviews  the  initially 
proposed  military  specification  on  silicon  rectifiers 
and  studies  rectifier  life  characteristics  to  get  data 
for  establishing  realistic  life-test  procedures  and  re¬ 
quirements  for  a  military  specification. 

PROCEDURE — Large  sample  sizes  of  four  rectifier 
types  representing  two  manufacturers  were  evaluated 
under  three  environmental  conditions  for  2,000  hours. 
Direct-current  measurements  of  the  rectifier  charac¬ 


teristics  w’ere  made  periodically  during  the  study. 

Rectifier  types  investigated  were  limited  to  single¬ 
junction  units  of  the  lead  mounted  variety.  An  800 
peak-inverse  voltage  (piv)  commercial  type  was  used 
rather  than  a  military  type  because  of  this  single¬ 
junction  limitation.  No  military  types  with  an  800 
piv  rating  were  available  when  the  program  was  ini¬ 
tiated. 

The  evaluation  was  made  at  three  environmental 
conditions;  an  operational-life  study  with  the  recti¬ 
fiers  operating  at  rated  load  in  an  ambient  tempera¬ 
ture  of  150  C,  and  two  .storage-life  .studies  with  the 
rectifiers  .stored  at  ambient  temperatures  of  25  C 
and  150  C,  respectively.  Each  study  lasted  2,000  hours 
and  included  a  total  sample  of  500  rectifiers.  Since 
the  type  1N540  rectifier  was  supplied  by  both  manu¬ 
facturers,  there  were  200  of  this  type  in  each  .study. 
Enough  rectifiers  were  investigated  to  permit  a  fair 
amount  of  confidence  and  accuracy  in  establishing 


Table  II— Results  of  Shelf-Life  and  Operational-Life  Tests 


'l'y|M- 

25  C  Shelf-Life  Test 

1.30  C.  Shelf-Life  Test 

Operational-!, 

ife  Test 

Sam¬ 

ples* 

IVfeetives 

Sjn-e  Limits'*  | 

D«‘fe<‘tives 

Spee  Limits’’ 

Sam¬ 

ples* 

Defee  tives 

2.30  .3(NI  l.(MM) 
lies  hrs  hrs 

Voltag€‘  Rev  pb-s* 
Dr»»p'’  Cur'' 

2.30  .3<HI  l.tNtO 

hrs  lirs  hrs 

voltage  Rev 
Drop*'  C.ur'* 

2.30  .3(M)  LOOO 
hrs  hrs  hrs 

IN. 338 

99 

0  0  0 

12  1.3  1  96 

0  0  2 

12  0  6 

100 

4  8  9 

1 N340 

99 

0  0  0 

12  1.3  97 

0  0  1 

12  06 

98 

3  9  9 

1N.340 

91 

11  10  9 

12  1.3  I  81 

36  9  8 

12  06 

97 

1  2  2 

1N.347 

96 

4  3  2 

1  2  2  0  99 

87  41  32 

12  10 

99 

3  7  9 

IN. 360- 

99 

0  0  0 

1.2  20  j  93 

63  43  43 

12  It) 

100 

1.3  20  27 

(a)  Hwtilicrs  of  a<'('(‘ptable  quality  bastHl  on  initial  incasiircnu'iits  (b)  From  Measiirenu‘nt-\<‘ceptance  Tests.  Pari  I.  Pro¬ 
duction  Tests  of  applicable  spec  (c)  Forward  voltage  drop  in  volts  at  twice  rated  current  (d)  Reverse  current  in  /iS  at  rated 
voltage  (e)  Commercial  typ»^  but  te.sUsI  to  IN.'itS  proiKjsed  MIL  spec 
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urements  on  the  Four  Rectifier  Types  Tested  in  the  Shelf-Life  and  Operational- Life  Tests 


Samples 

Defectives*  in  fcroup  for  2S  C 
Shelf-Life  Test 

Defectives*  in  group  for  150  C 
Shelf-Life  Test 

Defectives*  in  group  for 
Operational-Life  Test 

Forward  j 
Voltage  1 

Reverse  i 
Ia*akage  j 

Total 

Forward  ! 
Voltage  1 

Reverse 

I^eakage 

Total 

Forward 

Voltage 

Reverse 

Leakage 

Total 

Drop  1 

Current  ! 

%•> 

Drop 

Current 

Drop" 

Current 

%•> 

1 

100  i 

1 

1 

0 

10 

4 

0 

4  0 

0 

0 

0.0 

100 

0 

1 

10 

.3 

0 

3  0 

1 

1 

2  0 

100 

9 

t) 

9  0 

19 

0 

19  0 

3 

0 

3.0 

100 

3 

1 

4  0 

1 

0 

10 

0 

1 

1.0 

100 

1 

0 

10 

1 

i  7 

7  0" 

0 

0 

1 

0  0 

tireinents  tnatle  at  ratt'd  rather  than  2  X  rated  current;  tlterefore,  there  may  be  mure  nH'tifiers  that  exceed  limita  tlian 
quantity  liste«l  (d)  Comniereial-type  but  tested  to  IN.'ilS  pro(>osed  MIL  spec  (e)  One  rectifier  was  out  of  limits  for 
forward  and  rexerse  charact<*ristics— counU'd  as  one  defective 

Life  of  Silicon  Rectifiers 


their  mean  life  and  failure  rate. 

Static  d-c  measurements  of  forward  voltage  drop 
at  rated  current,  and  reverse  leakage  current  at 
rated  voltage  were  made  approximately  every  50 
hours  for  the  first  500  hours,  every  100  hours  for  the 
next  500  hours,  and  every  200  hours  for  the  last  1,000 
hours  of  the  study.  The  measurements  on  the  units 
in  the  storage-life  studies  were  performed  at  an  am¬ 
bient  temperature  of  25  C.  The  rectifiers  in  the  150  C 
storage-life  study  were  gradually  returned  to  a  25  C 
ambient  for  measurement.  The  rectifiers  in  the  150  C 
operational-life  study  remained  at  the  test  temper¬ 
ature  during  the  measurements.  The  load  was  con¬ 
tinuous  except  for  interruptions  for  the  measure¬ 
ment  of  rectifier  characteri.stics. 

RESULTS— Rectifiers  were  grouped  by  type  and 
manufacturer  for  each  evaluation  condition  before 
initial  measurements  were  made.  This  made  a  total 


Table  III— Anticipated  Failures  for  Shelf-Life  and 


of  15  groups  of  100  rectifiers  each.  Eight  of  these 
groups,  when  measured  initially,  had  more  than  the 
acceptable  quantity  of  rectifiers  outside  the  limits 
specified  in  the  proposed  military  specifications  for 
acceptance  measurements  as  shown  by  Table  I.  How¬ 
ever,  no  rectifier  exceeded  the  limits  by  an  amount 
that  would  be  detrimental  to  its  operation.  This  was 
substantiated  by  data  obtained  during  the  evaluations 
which  indicated  that  the  units  that  were  out  of  limits 
appear  capable  of  reliable  operation. 

Several  types  of  failure  resulted  from  the  opera¬ 
tional-life  evaluations.  However,  the  out-of-limits 
type  of  failure  was  the  only  one  that  occurred  in 
the  storage-life  studies.  An  in.stability  of  the  reverse 
characteristic  was  a  leading  cau.se  of  these  failures 
and  was  particularly  noticeable  in  the  storage-life 
.study  conducted  at  an  ambient  temperature  of  150  C. 
The  pre.sence  of  a  contaminant  within  the  rectifier’s 
enclosure  that  is  vaporized  by  the  150'C  temperature 


Operational-Life  Tests 


1 

! 

Tv  pc  ' 

%  F\|N-<-|ed  Defo-tive*  for 

2.1  C  Shclf-LLfe  Test 

1 

'  j,  Kx|MM'le<l  Defective*  for 

1.30  C  Shelf-Life  Test 

%,  Kxim-cH-vI  Defective*  for 
D|MTUlional-l,ife  Test 

2.30  hrs 

.VNt  hrs 

l.fHMt  hrs 

2.30  hrs 

.3tNl  hrs 

l.(HM)  hrs 

2.30  hrs 

.3tM)  hrs 

l.tNM)  hrs 

1  \.'.38 

0  (>-2  8 

0  (>-2  8 

0  0-2  8 

tt  0  3  1 

0  0-3  1 

0  3-7  2 

1  l-IO  0 

3  .3-1.3  2 

4  2-16  5 

IN. >40 

0  t)-2  8 

0  0-2  8 

t)  0-2  8 

0  0-3  2 

0  IV-3  2 

0  1-.3  8 

1  .3-11  6 

4  2-16  7 

4  2-16  7 

IN. >40 

6  2-20  2 

.5  2-19  2 

4  7-18  6 

33  8  .3.3  3 

.3  2-20  3 

4  3-18  8 

0  I-.3  8 

0  1-7  2 

0  1-7  2 

1  N.347 

1  1-10  5 

0  8-8  9 

0  .3  7  3 

80  0  93  7 

31  2-32  3 

23  0-42  0 

0  .3  8  8 

2  9-14  2 

4  2-16  7 

IN.'iftOh 

0  0-2  8 

0  0-2  8 

0  0  2  8 

.36  7-7.3  8 

41  .3-61  7 

41  .3-61  7 

8  6  23  6 

12  6-29  3 

18  .3-36  8 

(a)  CoinpuUsI  with  93%  confnlon<-<«  limit  by  following  formula;  (1  —  conlideiux;  limit)’*  ••  risk  lexH,  wIhtc  ii  «■  size  of  sample 

(b)  Commercial  type  but  tested  to  1N548  projtosed  JAN  spec 
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Table— IV— Life  Estimates  far  Rectifiers  operating  at  Rated  Conditions  in  150  C  Ambient  for  2,000  Hours 


Kfliubilily  Data 

IMean  Life 

Ol>served 
Failure  Kate 
%/I.000  hrs 

Ty|M* 

at 

1.50  (  '. 

Sanipb's 

Succ«‘s»os 

Failures 

Average 

Kstiinate 

(hrs) 

9.5%  1.4>wer 
Oulfidence 
iJinit 

(hrs) 

IN. '>38 

2.'i0iiia.  200pi\ 

1«)0 

100 

0 

>200,0<M) 

>66,767 

<0  .5 

IN.')  40 

2.'>0itih.  400piv 

200'' 

200 

0 

>400,000 

>i;j:l'.:u 

<0  2.5 

IN. '.47 

2.'>0inu,  600pi\ 

100 

01 

0 

20,007 

13, 036 

4  3 

IN.'.ftO* 

200tiiH.  800piv 

100 

60 

to 

:{,86:. 

3,034 

20  0 

(h)  ('oiniiK^rcial  output  <'urrfiit  (I«Tiit*'il  to  zero  iit  I.IO  C.  I»y  iiianiifHctiiriT,  tested  to  military  spec  for  I \.'>48-ty|a“  reetiliers 
(li)  Sample  siz)‘  eom|M>sed  of  UK)  units  eaeli  from  two  maiuifaeturers 


and  deposited  on  and  near  the  junction  area  when  the 
temperature  is  reduced  to  25  C  is  believed  to  be  the 
cause  of  this  instability.  This  theory  is  further  sub¬ 
stantiated  by  the  results  of  the  operational-life  study 
conducted  at  150  C  where  no  instabilities  were  ob- 
serve<l  until  the  rectifiers  were  measured  at  room 
temperature  after  the  evaluation  was  terminated. 

Catastrophic  as  well  as  out-of-limits  failures  oc¬ 
curred  in  the  operational-life  study  conducted  at 
150  C.  The  catastrophic  failures  were  limited  to  and 
responsible  for  the  {rreater  portion  of  the  defective 
rectifiers  rated  at  600  and  800  piv  as  shown  in  Table 
II.  Both  types  of  failure  were  limited  to  the  reverse 
characteristic  of  the  rectifiers;  with  the  reverse  leak- 
ajre  current  exceedinjr  specified  values  beinp  re¬ 
sponsible  for  the  out-of-limits  failures.  The  inverse 
I'esistance  approachinjr  a  .shorted  condition  or  a  de¬ 
crease  in  the  rectifier  breakdown  voltajre  to  a  value 
considerably  le.ss  than  its  rated  value  were  responsi¬ 
ble  for  the  catastroi)hic  failures. 

The  1N560  rectifier  rated  at  800  piv  is  a  commer¬ 
cial  unit  and  is  derated  to  zero  output  current  at 
150  C  by  the  manufacturer.  Therefore,  the  rectifier 
was  operated  considerably  above  the  manufacturer’s 
recommendc^l  ratiiiR  when  evaluated  at  150  C  with  an 
output  current  of  200  milliamperes  in  accordance  with 
the  JAN  .specification  for  the  1N548.  Thus,  the 
larRe  number  of  failures  observed  is  not  surprising. 

.ANAIA’SIS  —Statistical  evaluations  of  the  results 
include  the  percent  defectives  that  may  be  e.xpected 
in  similar  groups  of  rectifiers,  as  presented  in 
Table  HI.  The.se  values  were  computed  for  a  95 
percent  confidence  level,  indicatinjr  that  the  applica¬ 
tion  engineer  may  expect  the  percentage  of  defectives 
in  any  similar  >r>'uup  of  rectifiers  to  be  between  the 
limits  spt'cified  for  95  percent  of  the  lots  or  }?)‘t>ups 
obtained.  The.se  defectives  include  units  that  are  out 
of  MIL  spec  limits  but  .still  operate  satisfactorily. 

A  further  analysis  was  made  of  the  results  ob¬ 
tained  in  the  operational-life  study  conducted  at 
150  C.  The  results  are  Kiven  in  Table  IV.  Mean-life 
estimates  and  failure  rates  were  computed  on  the 
basis  of  catastrophic  failures,  assuming  an  exponen- 
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tial  failure  rate.  The  quotient  of  the  total  hours  of 
operation  divided  by  the  number  of  failures  is  pre¬ 
sented  as  the  average  estimate  of  mean  life.  The 
quotient  of  twice  the  total  operating  hours  divided 
by  chi'  at  a  probability  level  of  0.05  and  the  degrees 
of  freedom  equal  to  twice  the  number  of  failures  is 
the  method  u.sed  in  computing  the  95-percent  lower 
confidence  limit.  This  calculation  provides  the  circuit 
designer  with  a  minimum  mean  life  expectancy  for 
similar  groups  of  rectifiers  when  operated  at  rated 
current  and  voltage  at  an  ambient  of  150  C.  The 
values  specified  in  this  tabulation  should  apply  to 
95  percent  of  the  groups  or  lots. 

CONCLUSIONS — The  rectifiers  rated  at  200  and 
400  piv  performed  satisfactorily  in  that  no  cata¬ 
strophic  failures  occurred  with  rectifiers  for  these 
ratings.  Several  units  did,  however,  exceed  the  speci¬ 
fied  limits  for  forward  voltage  drop  and  reverse  leak¬ 
age  current  during  the  evaluation,  but  not  to  a  degree 
that  would  be  detrimental  to  their  operation.  There¬ 
fore,  if  the  user  is  not  concerned  with  extremely 
tight  tolerances,  an  average  failure  rate  of  le.ss  than 
0.5  percent  per  1000  hours  may  be  expected. 

The  600  and  800  piv  rectifiers  have  a  failure  rate 
that  is  at  least  9  and  40  times  greater,  respectively, 
than  that  of  the  200  and  400  piv  units.  The  cata¬ 
strophic  failures  and  instability  of  the  reverse  charac¬ 
teristic  are  generally  responsible  for  this  failure 
rate.  There  apparently  is  still  a  contaminant  prob¬ 
lem  in  the  manufacturing  of  silicon  rectifiers  and  a 
need  for  further  development  and  study. 

The  author  is  grateful  for  the  assistance  provided 
by  A.  E.  Mace  of  Battelle  Memorial  Institute  with 
the  statistical  analysis,  the  assistance  provided  by 
members  of  the  Reliability  Engineering  Division, 
and  to  the  Signal  Corps  E(iuipment  Support  Agency, 
Fort  Monmouth,  New  Jersey,  under  whose  sponsor¬ 
ship  this  evaluation  was  conducted  as  a  part  of  Con¬ 
tract  DA-36-039-SC-73212. 
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Magnetics,  metallurgy,  lubrication,  insulation  . . .  these  and  other  tech¬ 
nologies  have  been  advanced  by  progressive  engineering  and  produc¬ 
tion  personnel  at  Eastern  Air  Devices  to  make  a  science  of  "the  act  of 
turning."  Since  1942,  this  scientific  approach  to  the  improvement  and 
development  of  precision  rotating  devices  has  resulted  in  higher  output 
efficiencies,  reliable  operation  in  higher  ambients  and  superior  per¬ 
formance  characteristics  under  the  most  severe  environmental  conditions. 
In  addition  to  continued  product  improvement,  the  application  of  this 
science  has  developed  a  number  of  firsts,  including  variable  frequency 
motors,  pure  sine  wave  alternators  and  thermistor  compensation  of  in¬ 
tegrating  tachometers.  Combine  this  technical  ability  with  high  volume 
production,  unsurpassed  quality  control,  parts  standardization  for  lower 
cost,  and  you  can  see  why  BAD  has  been  specified  by  leading  systems 
manufacturers  for  nearly  two  decades. 


Miniature  Vone 
J  Axial  Blower 
Maximum  air  delivery 
In  the  smallest  pockage 


Combining  a  unique  nuH'hanical  and  aero¬ 
dynamic  design  with  EAl)*s  Ntandard,  re¬ 
liable  1**  diameter  motor  has  resultt'd  in 
this  extremely  compact  and  efficient  fan. 
In  addition  to  the  2  pole  characteristics 
listed  below,  EAD  can  supply  4  and  6 
pole  dt^igns  and  models  for  o|M‘ration 
from  1600-i‘ycle  and  variable  frequency 
power  sources.  Here  is  another  develop¬ 
ment  in  the  Krowing  family  of  EAD  V* 
Line  vane  axial  blowers. 


EASTERN  AIR  DEVICES, 

Subsidiary  of  Norbute  Corporation  •  Dover,  New  Hampshire 


INDUCTION  motors  •  SIRVO  MOTORS  •  HYSTERESIS  MOTORS 
INTEGRATING  TACHOMETERS  AND  MOTOR  TACHOMETERS  •  BLOWERS 
INERTIAllY  damped  servo  MOTORS  •  TORQUE  MOTORS  •  FANS 
DAMPING  MOTOR  TACHOMETERS  •  GEAR  MOTORS  •  ALTERNATORS 
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Infrared  Detector  Controls 
Automobile  Brakes 


Transistorized  circuit  uses  infrared  detector  to  sense  closure  between  automo¬ 
biles.  Small  unit  provides  10-w  output  to  brakes 

By  W.  E.  OSBORNE,  President  and  General  Manager,  21st  Century  Kleetronlcs,  Inc.,  Riverside,  Calif. 


I 


IN  FROM 
ACTIVE  OET 


6-10  W 
OUT  TO 
SENSING 
MOTOR 


FIG.  1— Block  diagram  of  infrared  delectian 
detector  chonnels 


Anew  system  to  detect  closure 
between  automobiles  and  au¬ 
tomatically  apply  appropriate  brak¬ 
ing  is  now  in  the  development  stape. 
The  system  overcomes  many  of  the 
serious  disadvantaires  of  radar  sys¬ 
tems  by  utilizintf  infrared  detection 
methods. 

AlthouKh  infrared  has  many  limi¬ 
tations  necessitating  a  provision  for 
a  manual  automatic  changeover 
switch,  it  has  two  major  advan¬ 
tages.  The  system,  consisting  basi¬ 
cally  of  a  moderately  .sensitive  in¬ 
frared  receiver  with  rate  circuits, 
requires  no  transmitter.  A  second 
advantage  is  the  small  size,  weight, 
and  co.st.  The  0.09-cu  ft  device 
weighs  8  pounds. 

Circuit  Description 

The  whole  system  is  transis¬ 
torized  utilizing  21  transistors  and 
nine  diodes.  Power  transistors  in 
the  output  servo  amplifier  provide 


system  shows  the  reference  and  active 


approximately  10  w  to  operate  a  hy¬ 
draulic  braking  system. 

In  operation,  a  signal  from  one  or 
more  cars  in  front  is  observed  at  a 
preset  range  of  from  0  to  1,000  ft 
by  a  pair  of  uncooled  indium  anti- 
monide  detectors.  One  of  them  is 
blacked  out  and  acts  as  a  reference 
for  measuring  ambient  temperature 
while  the  active  one  looks  at  the 
target  and  detects  any  difference  in 
temperature  from  that  of  the  refer¬ 
ence  cell. 

A  collimator  is  mounted  directly 
under  the  front  bumper  and,  in  ad¬ 
dition  to  being  adjustable,  has  spi¬ 
rally  cut  groves  on  the  inside  in 
order  to  minimize  reflections.  It 
houses  the  optical  .system  and  in¬ 
frared  filters  as  well  as  the  active 
phototube.  Directly  behind  this,  in 
all  X  11  X  1  in.  box,  is  a  tran¬ 
sistorized  preamplifier  and  the  ref¬ 
erence  detector. 

The  difference  signal  goes  from 


the  preamplifier  (Fig.  1)  to  the 
main  amplifier  behind  the  dash¬ 
board  and  is  electronically  chopped 
at  a  frequency  close  to  1,000  cps. 
It  then  passes  through  a  tuned  am¬ 
plifier  (passband  about  50  cps)  to  a 
gated  output  circuit  which  is  syn¬ 
chronized  with  the  input  at  the 
chopping  frequency.  This  greatly 
improves  the  signal-to-noise  ratio 
of  the  system.  A  differentiator  pro¬ 
vides  for  the  closing-rate  measure¬ 
ments  preceded  by  a  demodulator 
and  followed  by  a  servo-power  am¬ 
plifier. 

The  chopping  transistors  act  as 
a  synchronous-switch  type  of  modu¬ 
lator  and  the  gated  output  circuit 
in  combination  with  the  synchro¬ 
nous  detector  is  equivalent  to  a 
ring-type  demodulator.  The  dis¬ 
criminator  circuit  is  a  conventional 
phase-shift  type.  The  rate  signal, 
which  is  the  most  important  value 
measured  in  this  particular  system, 
is  obtained  from  a  simple  RC  differ¬ 
entiator  in  series  with  the  di.s- 
criminator. 

The  .servo  amplifier  output  may 
be  used  to  drive  a  d-c  motor,  an  a-c 
motor,  an  aural  or  visual  alarm  or 
a  combination  of  all  of  the.se. 

Limitations 

In  practice  it  has  been  found 
that  this  system  is  only  practical 
for  cars  almost  directly  ahead.  On 
these  it  is  extremely  good  and  pro¬ 
vides  an  excellent  rate-of-closurc 
signal,  which  is  proportionately  ap¬ 
plied  to  the  brakes  by  hydraulic  ac¬ 
tion.  In  freeway  traffic,  however, 
with  cars  continually  cutting  in  and 
out  at  an  angle,  the  automatic  sys¬ 
tem  leaves  much  to  be  desired; 
therefore,  manual  operation  under 
close  proximity  is  recommended. 
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NOW... selenium  rectifiers 
with  an  unlimited  life  span! 


Tri-Amp  is  a  new  and  completely  different  concept  in  selenium.  No  artificial  barrier  layer  of  any 
kind  is  used,  thus  eliminating  the  cause  of  aging  and  high  voltage  drop.  Result  is  the  finest  rectifier 
ever  made. 

Rectification  in  the  Radio  Receptor  Tri-Amp  is  accomplished  through  a  P-N  junction  formed  by 
a  closely  controlled  diffusion  process  involving  the  use  of  cadmium-selenide  and  tellurium.  We’ll 
be  glad  to  send  you  more  complete  information  on  this  important  development.  Write  today  to 
Section  E-3. 


RADIO  RECEPTOR  COMPANY,  INC. 

Subsidiary  of  General  Instrument  Corporation 

240  Wythe  Avenue,  Brooklyn  11,  N.  Y.,  EVergreen  8-6000 

GENERAL  INSTRUMENT  CORPORATION  INCLUDES  F.  W.  SICKLES  DIVISION.  AUTOMATIO 
MANUFACTURING  DIVISION.  RADIO  RECEPTOR  CO..  INC.,  MICAMOLD  ELECTRONICS 
MANUFACTURING  CORPORATION  AND  HARRIS  TRANSDUCER  CORPORATION  (SUBSIDIARIES) 


-if.  ^ 


the  only  selenium  rectifier  with 

NO  ARTIFICIAL  BARRIER  LAYER 


superior  overload  characteristics  •  higher  current  ratings 

•  lower  fprward  voltage  drop  •  no  sudden  failures  •  no  special 
protective  devices  required  •  smaller  size  •  operate  in 
parallel  or  In  series  without  special  precautions 
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RESEARCH  AND  DEVELOPMENT 


Practical  Retrieval  System  Developed 


Information  retrieval  is  receiving 
sustained  interest  in  the  electronics 
industry.  Some  engineers  expect 
an  upsurge  in  this  interest  because 
practical  systems  could  greatly  as¬ 
sist  engineers  in  some  phases  of 
their  work.  In  addition,  the  reliance 
of  these  sy.stems  on  digital  equip¬ 
ment  has  commercial  implications 
for  our  industry.  It  is  al.so  probable 
that  new  electronic  equipment  will 
be  developed  for  this  application. 

Among  groups  working  in  this 
area  is  the  National  Bureau  of 
Standards,  which  has  developed  an 
improved  model  of  an  automatic 
document  retrieval  device  for  the 
Patent  Office  and  the  Navy  Bureau 
of  Ships.  This  program  is  one  of 
.several  being  conducted  at  the  Na¬ 
tional  Bureau  of  Standards. 

Retrieval  System 

The  machine  rapidly  retrieves  in¬ 
formation  from  massive  files  of 
correspondence,  drawings,  patents 
or  similar  printed  matter  that  has 
been  recorded  on  35-mm  film.  Asso¬ 


ciated  with  each  document  image  is 
a  binary  dot  code  that  identifies  its 
contePt.  The  machine  examines  the 
code  at  about  2,400  pages/min. 
When  a  document  is  found,  it  is 
photographed  on  recopy  film. 

The  selector  is  an  outgrowth  of 
an  idea  originally  proposed  by  Van- 
nevar  Bush  more  than  20  years  ago. 
More  recently,  Yale  University  un¬ 
dertook  redesign  of  the  machine  to 
meet  its  own  requirements.  The 
Bureau  obtained  a  portion  of  the 
Yale  equipment,  modified  the  optical 
and  mechanical  systems,  and  rede¬ 
signed  the  electronic  circuits  using 
modern  computer  techniques. 

The  machine  identifies  the  docu¬ 
ment  by  examining  a  binary  dot 
code  associated  with  each  document. 
One  code  frame  is  about  i  in.  long 
and  as  wide  as  the  film,  and  con¬ 
tains  6  rows  of  46  bits  each.  Forty 
bits  are  for  document  information 
and  6  bits  for  machine  control. 

As  the  film  passes  through  the 
machine,  its  image  is  projected  on 
a  bank  of  photocells  that  scan  the 


BOY'S  MISSILE  DETECTOR  WINS  SCIENCE  FAIR 

Fourt«*n-year-old  boy'i  application  of  well  known  principles  could  greatly  simplify  guided- 
missile  and  atomic-blast  detection.  Pot  Flanagan  of  Bellaire,  Texas,  won  grand  prize  at 
the  Houston  Science  Fair  with  the  detector  competing  against  37S  other  projects. 

Using  spare  parts  Pot  had  around  the  house  and  about  $5  of  new  parts,  he  made  the 
detector  In  4  months.  He  estimates  that  all  new  parts  would  cost  about  $30. 

Operating  Principle 

As  guided  missiles  blast  off  or  on  atomic  explosion  occurs,  a  trail  of  intensely  ionized 
and  superheated  gases  is  formed  as  a  vertical  column.  The  atmosphere  immediately 
surrounding  the  column  is  also  ionized.  A  potential  difference  is  created  between  the 
earth  and  the  column.  This  potentiol  and  the  disturbed  electrons  produce  o  low  frequency 
electromagnetic  field.  The  vertical  column  acts  as  an  antenna  and  the  wave  is  propagated 
over  the  earth's  surface.  Frequency  is  about  4,000  to  16,000  cps— a  wavelength  of  75,000 
meters  or  more  than  225,000  feet. 

Pot  built  a  receiver  that  would  receive  this  low  frequency  and  that  had  sufficiently  broad 
response  to  pass  this  range  of  frequencies.  A  vacuum-tube  receiver  would  be  susceptible  to 
higher  harmonics  of  the  60-cps  power  line.  For  this  and  other  reasons,  transistors  were  used. 

A  circuit  thot  would  act  as  both  antenna  and  resonant  circuit  was  decided  on.  It  com¬ 
promises  a  loop  antenna  4  ft  in  diameter  wound  to  an  inductance  of  70  mh.  A  parallel 
resonant  circuit  is  formed  with  a  0.22-pf  capacitor. 

Resistance  of  the  antenna  is  high  in  proportion  to  input  resistance  of  the  receiver  to 
provide  broad  band  response.  The  coil  contains  3,000  feet  of  No.  30  enameled  wire.  Hand 
wound,  it  took  12  hours  to  complete. 

The  detector  consists  of  a  2N107  tronsistor  in  a  common-emitter  circuit.  The  signal  is 
then  amplified  by  a  CK722  transistor,  which  is  coupled  into  a  2N256  power  amplifier. 
The  receiver  will  operate  for  many  months  from  o  9-volt  battery. 

The  signal  is  a  very  strong  intermittent  noise  that  rises  above  the  normal  background 
noise  and  is  easily  discernible.  Duration  of  the  signal  is  dependent  on  distance  from  the 
launching.  Estimated  distance  of  reception  is  4,000  miles. 


code.  When  a  desired  item  is  found, 
a  high-speed  clutch  is  activated. 
The  clutch  presses  the  recopy  film 
to  a  drive  drum,  accelerating  it  to 
the  same  speed  as  the  information 
film.  By  photography  the  desired 
item  is  registered  on  the  recopy 
film.  After  the  desired  item  passes 
the  camera  slit,  the  clutch  is  disen¬ 
gaged  and  the  recopy  film  stops.  As 
many  consecutive  items  as  desired 
can  be  copied  without  slowing  or 
stopping  the  master  film. 

Test  Program 

To  test  the  selector,  a  test  film 
was  prepared.  It  contains  the  con¬ 
tents  of  the  NBS  Technical  News 
Bulletin  for  about  a  10-year  period 
to  show  the  wide  variety  of  subject 
material  that  can  be  located  with 
the  selector.  In  all,  more  than  250 
individual  categories,  singly  or  in 
combination,  were  used  in  the  index 
to  describe  the  900  articles.  Success¬ 
ful  searches  have  shown  the  prac¬ 
ticality  of  the  system. 

The  present  selector  is  limited  to 
one  word  per  document.  This  word 
can  represent  many  combinations  of 
concepts.  An  improved  electro¬ 
mechanical  film  transport  combined 
with  a  multiword  selector,  now  un¬ 
der  construction,  will  perform  much 
more  rapid  and  sophisticated 
searches  than  the  present  machine. 
In  the  improved  selector,  signals 
caused  by  the  recognition  of  the 
machine  words  can  be  combined 
using  computer  logic  to  give  the 
printout  command.  A  six  machine- 
word  code  has  been  devised  with 
which  the  Bureau  of  Ships  is  en¬ 
coding  a  series  of  letters  to  be  used 
in  an  encoding  study.  With  this 
code  system  they  will  be  able  to  find 
any  letter  or  letters,  written  be¬ 
tween  certain  dates,  from  a  par¬ 
ticular  supplier  about  a  specific 
type  of  equipment. 


Computer  Analyzes 
Cloud-Height  Data 

Special-purpose  computer  for  the 
Weather  Bureau  analyzes  data 
received  from  a  cloud-height  indi- 
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Model  SC-32-2.5 


REGULATION 

STABILITY 


Model 
SC-18  2  M 


REGULATION 

STABILITY 


the  most 
complete 
line  of 
POWER 
SUPPLIES 


REGULATION 

STABILITY 


offers  more  than 
120  standard  voltage 
regulated  power  supplies 
covering  a  wide  range 
of  transistor,  tube 
and  magnetic  types. 

For  complete  specifications, 
write  for  Brochure  B-591 


Model 
PSC  10  2 


COMPACT  PACKAGE  TYPE 

DC 

OC 

OUTPUT 

j  OUTPUT 

MODEL  ' 

VOLTS 

'  AMPS. 

PSC-  5-2 

0-7.5 

2 

PSC-10-2 

7.5-12.5 

2 

PSC-15-2 

12.5-17.5 

2 

PSC-20-2 

17.5-22.5 

2 

PSC-28-1 

22.5-32.5 

1 

PSC-38-1 

32.542.5 

1 

MODEL 

DC  ^ 
OUTPUT 
VOLTS 

1  OC 
OUTPUT 
AMPS. 

SC-18-0.5 

0-18 

0-0.5 

SC-18-1 

0-18 

0-1 

SC-18-2 

0-18 

i  0-2 

SC-18-4 

0-18 

0-4 

SC-36-0.5 

0-36 

0-0.5 

SC-36-1 

0-36 

0-1 

SC- 36-2 

036 

1  0-2 

SC-3672-0.5 

36-72 

0-0.5 

SC-3672-1 

36-72 

0-1 

i  l-B- 

MODEL 

DC  < 
OUTPUT! 
VOLTS 

OC 

OUTPUT 

AMPS. 

SC-32-0.5 

0-32 

0-0.5 

SC-32-1 

0-32 

0-1 

SC-32-1.5 

0-32 

0-1.5 

2SC-32-1.5 

0-32 

0-1.5 

DUAL  OUTPUT 

0-32 

0-1.5 

SC-32-2.5 

0-32 

0-2.5 

SC-32-5 

0-32 

0-5 

SC-32-10 

0-32 

0-10 

SC-32-15 

0-32 

0-15 

SC-60-2 

0-60 

0-2 

SC-60-5 

0-60 

0-5 

2SC-1 00-0.2 

0-100 

(M).2 

DUAL  OUTPUT 

aioo 

0-0.2 

SC-150-1 

0-150 

0-1 

SC-300-1 

:  0-300 

1  0-1 
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A  topper  in  any  language 


cator.  On  command,  it  tells  an  oper¬ 
ator  present  cloud  height,  and  high¬ 
est,  lowest  or  predominant  cloud 
height  at  any  time  in  the  last  10 
min.  It  can  also  determine  how 
often  clouds  occurred  below  some 
critical  level  during  the  same  pe¬ 
riod. 

The  instrument  was  developed  at 
the  National  Bureau  of  Standards 
as  part  of  a  program  to  assist  and 
advise  the  Weather  Bureau  in  ap¬ 
plying  computer  techniques  to 
automatic  weather  data  analysis. 

A  ceilometer  measures  cloud 
height  up  to  about  10,000  ft.  A 
searchlight  beam  reflected  by  the 
clouds  is  received  by  a  photocell 
placed  at  a  known  horizontal  dis¬ 
tance  from  the  searchlight.  Either 
the  light  or  the  photocell  is  rotated 
through  90  deg.  Cloud  height  is  cal¬ 
culated  by  simple  triangulation, 
using  the  angle  at  which  the  reflec¬ 
tion  from  the  cloud  is  received  and 
the  known  baseline.  The  light  source 
is  modulated  by  a  rotating  shutter, 
and  the  photocell  operates  in  con¬ 
junction  with  a  filter  and  tuned 
amplifier  to  di.scriminate  against 
ambient  light.  The  ceilometer  .scans 
the  cloud  10  times /minute. 

An  operator  interprets  ceilom¬ 
eter  indications  using  a  cathode-ray 
display.  By  manual  computation, 
he  answers  such  questions  as:  At 
what  height  did  most  clouds  occur 
over  the  past  ten  minutes  (or  one 
minute)  ?  What  was  the  lowe.st 
level  at  which  a  significant  number 
of  clouds  occurred?  The  cloud- 


It’s  better  than  the  best  XXXP  grade, 
it's  lighter  and  more  economical  than  G-10, 
it’s  Taylor  XY-1  Paper-Base  Epoxy  Laminate 


When  you  want  extremely  high  reliability  in  printed  circuits,  with  the  addi¬ 
tional  advantages  of  flame  retardance,  chemical  resistance,  good  solder- 
ability  and  high  bond  strength — specify  Taylor  XY-1  copper-clad  laminate. 
It  is  seif-extinguishing  in  1  second,  has  excellent  resistance  to  alkalis,  acids 
and  solvents,  has  a  solder  time  resistance  at  5()0°F.  of  30  seconds  in  1-oz. 
copper  and  50  seconds  in  2-oz.,  and  a  bond  strength  of  10  lb.  in  1-oz. 
copper  and  13  lb.  in  2-oz.  Sheets  available  with  copper  on  one  or  both  sides. 


Pulse  Transformer  Tank 
For  Long-Range  Radar 


Unclad  Taylor  XY-1  has  many  advantages, 
too.  It  can  be  substituted  for  glass-base  epoxy 
laminates  to  reduce  cost  and  weight.  It  has 
excellent  electrical,  mechanical  and  machining 
properties.  Contact  us  for  complete  technical 
data  and  expert  guidance  in  applying  this  new 
material.  Taylor  Fibre  Co.,  Norristown  40,  Pa. 


Tank  to  hold  pulse  transformer  used  in 
high-power  search  radar  is  welded  at 
GE  high  voltage  specialty  transformer 
plant.  Radar  system  was  developed  by 
GE  for  the  Air  Defense  Command 


lAMINATBD  PIAST/CS  m  i/ULCANIZED  P/BRE 


OCTOBER  16,  1959  •  ELECTRONICS 


90  CIRCLE  90  ON  READER  SERVICE  CARD 


I' 


. 


height  analyzer  automatically 
answers  these  questions. 


The  A5W  use  depicted 
here  is  typiced. 


FILTERS  and  DELAY  UNES 


VONTROL Electronics  i/O.,  inc. 

Ten  Stepar  Place,  Huntington  Station,  ,New  York 


Data  Sheets  on  request 


CLC 

FILTERS  AND  .JPI 
SONIC  DELAY  UNIS 
ANSWER  CHALL 


Data  Analysis 

To  do  this,  the  analyzer  samples 
ceilometer  output  and  records  the 
height  at  which  the  greatest  signal 
is  received  during  each  scan.  These 
data  are  stored  in  a  small  100-word 
magnetic  drum  memory.  After  each 
scan  there  is  a  short  period  during 
which  no  information  is  received 
and  the  stored  data  are  analyzed. 
Equipment  output  is  a  set  of 
an.swers  pertaining  to  the  last  ten 
minutes,  updated  for  each  scan. 

One  of  two  inputs  to  the  equip¬ 
ment  is  a  shaft-position  signal  con- 
si.sting  of  a  .series  of  pul.ses  from 
the  rotating  .searchlight.  The  pulses 
advance  an  altitude  counter  whose 
count  is  related  to  searchlight  an¬ 
gle  and  in  turn  to  cloud  height. 

The  other  input  is  an  a-c  signal 
from  the  photocell  at  the  modula¬ 
tion  frequency  of  the  light  .source. 
It  is  passed  through  an  analog-to- 
digital  converter  that  samples  it 
in  synchronism  with  the  modu¬ 
lated  light  source.  At  the  end  of 
each  scan,  the  equipment  has  de¬ 
termined  altitude  number  corres¬ 
ponding  to  maximum  cloud  signal. 

The  number  is  recorded  on  the 
memory  in  one  of  100  spaces.  Num¬ 
bers  from  successive  scans  occupy 
consecutive  spaces.  The  101st 
number  replaces  the  original  num¬ 
ber  in  apace  one,  which  was  re¬ 
corded  ten  minutes  earlier.  Thus, 
the  data  are  continuously  updated. 

Between  .scans,  data  are  summar¬ 
ized  to  determine  which  number 
occurs  most  often.  At  the  end  of 
this  summation,  an  information 
.storage  unit  contains  the  altitude 
that  occurred  mo.st  frequently  over 
the  past  ten  minutes.  Other  que.s- 
tions  can  be  answered  using  count¬ 
ers  and  additional  storage  units  to 
find  the  highest  or  lowest  altitude 
at  which  the  maximum  cloud  signal 
was  observed  3  or  more  times. 

The  various  outputs  from  the 
cloud-height  equipment  are  decoded 
to  decimal  numbers,  which  are  set 
up  as  switch  contacts  to  control  re¬ 
mote  displays  and  teletype  equip¬ 
ment.  Except  for  output  switches 
and  magnetic  drum,  the  equipment 
is  transistorized  and  was  made  al¬ 
most  exclusively  digital  in  opera¬ 
tion  to  assure  high  reliability. 


C.E.C.  specializes  in  the  design  and  production  of 
Custom  and  Standard  Delay  Lines  and  Filters  in  varied 
configurations  to  meet  MIL  or  Commercial  Specs. 


Magnetostrictive  Delay 
Linn:  Fixed  e  Multi- 
tapped  e  Variable 
Standard  Filteri:  High, 
Low  and  Band  Pass, 
Inter-Stage 

Special  Filters:  90* 

Phase  Shift,  Null  "T", 
Ultra-Stable,  Band  Sup¬ 
pression,  Constant  Delay 


Electromagnetic  Delay 
Lines:  Lumped  &  Dis¬ 
tributed  Constant  e 
Fixed  e  Multi-tapped  e 
Mechanically  Variable  • 
Electrically  Variable  e 
System  Delays 
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COMPONENTS  AND  MATERIALS 


Heat  Transfer  in  Component  Design 


In  the  design  of  electronic  com¬ 
ponents,  there  is  a  jreneral  trend 
toward  higher  dissipation  and 
smaller  space.  This  is  particularly 
true  of  power  tubes  where  more 
energy  output  is  wanted  at  higher 
operating  frequencies  which  re¬ 
quire  smaller  dimensions. 

Heat  transfer  considerations  are 
neither  trivial  or  simple,  according 
to  M.  Mark  and  D.  R.  Fairbanks 
of  Raytheon’s  Wayland  Laboratory. 
In  a  recent  article  on  heat  transfer 
the.se  authors  go  into  present  pack¬ 
aging  and  performance  re<|uire- 
ments  for  electronic  components'. 

Components 

Basic  heat  transfer  is  di.scus.sed, 
so  is  general  cooling  design  and 
heat  densities;  conduction,  radia¬ 
tion  and  convection. 

The  authors  point  out  that  in 
most  high  density  electronic  com¬ 
ponents,  the  dissipated  energy  is 
either  in  the  form  of  resistive  loss 
in  the  metal,  or  electron  beam  en¬ 
ergy  dissipated  on  the  surface  of 


the  metal.  Examples  of  the  first: 
resistors  and  solenoids;  and  of  the 
second:  many  different  types  of 
electron  tubes.  In  the  latter  cate¬ 
gory,  the  energy  is  dissipated,  prin¬ 
cipally,  on  the  interior  surface  of 
the  anode,  which  is  usually  made 
of  OFHC  copper  and  must  be  con¬ 
ducted  through  a  certain  thickness 
of  wall  which  separates  the  coolant 
from  the  evacuated  apace. 

In  most  types  of  electron  tubes, 
such  as  traveling-wave  tubes,  kly¬ 
strons,  and  ordinary  amplifiers,  the 
anode  is  in  the  shape  of  a  hollow 
cylinder  or  cup,  with  the  coolant  on 
the  outside.  However,  in  types  such 
as  magnetrons  and  amplitrons,  the 
heat  must  be  removed  from  inter¬ 
nal  anode  vanes  or  paddles  which 
are  within  the  cavity. 

When  heat  di.ssipation  is  high, 
the  coolant  must  be  brought  into 
and  circulated  through  the  individ¬ 
ual  vanes.  Such  tubes  are  difficult 
to  cool  since  the  vanes  are  quite 
small  and  dissipate  large  amounts 
of  heat. 


The  heat  transfer  article  points 
out  that  allowable  operating  tem¬ 
peratures  for  the  various  tube  types 
are  generally  governed  by  three 
considerations:  the  maximum  al¬ 
lowable  interior  anode  metal  tem¬ 
perature,  the  maximum  allowable 
glass  -  to  -  metal  seal  temperature, 
and  the  maximum  allowable  wetted 
surface  temperature  in  touch  with 
the  coolant. 

The  first  limit  is  necessary  to 
prevent  ga.ssing  of  the  tube  by  the 
release  of  dis.solved  gases  from  the 
interior  surface  of  the  anode  metal. 
The  second  limit  prevents  mechani¬ 
cal  failure,  leakage,  or  glass  degra¬ 
dation.  The  third  limit  is  necessary 
to  prevent  decomposition  of  the 
coolant  (.scale  formation,  which  is 
very  detremental  to  high  density 
heat  transfer,  unwanted  boiling,  or 
an  impractical  coolant  pressuriza¬ 
tion  requirement. 

Allowable  limits  for  the  maxi¬ 
mum  interior  anode  metal  tempera¬ 
ture  range  from  100  C  for  some 
tubes  very  sensitive  to  gassing,  to 
over  500  C  for  tubes  that  are  rela¬ 
tively  insensitive  to  gassing.  A  typ¬ 
ical  limit  for  the  glass-to-metal 
.seal  is  200  C.  The  formation  of 
.scale  or  deposits  at  the  wetted  hot 
spot  area  is  difficult  to  control  at 
high  temperatures.  The  most  gen¬ 
erally  acceptable  coolant  is  water, 
with  the  systems  design  and  mate¬ 
rials  carefully  selected,  and  with 
the  water  exceedingly  pure.  Allow¬ 
able  wetted  hot  spots  rarely  exceed 
200  C. 

Careful  Evaluation 

The  heat  density  in  some  com¬ 
ponents  currently  being  designed  is 
such  that  cooling  is  a  prime  obsta¬ 
cle.  In  the  future,  the  authors  state, 
the  cooling  problem  may  actually 
force  a  limitation  on  design  unless 
concepts  and  technitiues  unknown 
at  the  present  time  can  be  devel¬ 
oped. 

With  the  present  trend  towards 
very  high  power  components,  cool¬ 
ing  methods  require  careful  evalua¬ 
tion  leading  to  efficient  designs. 

As  Marks  and  Fairbanks  explain, 
free  convection  and  radiation  can 
prevent  unacceptable  temperature 


New  Nose  Cone  Protective  Material 


Dtvelopad  by  Ganerol  EUcIric  in  ilt  Missile  and  Space  Vehicle  Department  Laboratory 
at  Philadelphia,  an  organic  plastic  substance  is  shown  here  being  exposed  to  a  super¬ 
sonic  flame  more  than  twice  the  temperature  of  the  sun.  The  terrific  heat  is  generated 
by  a  carbon  arc  encased  in  a  water  swirl.  The  scientist  operating  the  mechanism  is 
protected  by  darkened  glass.  The  new  material  can  be  made  elastic,  flexible,  or  hard. 
In  all  variations  it  possesses  excellent  heat  protective  qualities 
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WHEN  IT  COMES  TO  SHIELDED  WIRE 


CRIMP 


on  the  ferrule 


in  the  ground  taps  the  three  together 


on  the  i 


r^ulation 


How’s  that  for  speed!  And  the  post-insulation  of  the  Termashield 
Shielded  Wire  Ferrule  is  easily  and  quickly  accomplished  .  .  .  you 
eliminate  close  tolerance  cable  stripping  required  by  other  tech¬ 
niques  .  .  .  you  eliminate  blind  probing  of  taps  into  other  type 
ferrules  . . .  you  eliminate  solder  and  burnt  cable  . . .  you  eliminate 
lost  time  .  .  .  you  eliminate  doubt. 


For  positive  attachment,  top  reliability,  unbeatable  speed  and 
tangible  economy,  get  A-MP  Post-Insulated  Termashield  Shielded 
Wire  Ferrules. 


Write  for  more  information. 

AMP  Incorporated 

GENERAL  OFFICES:  HARRISBURG,  PENNSYLVANIA 

A-MP  products  and  engineering  assistance  are  available  through  subsidiary  companies  in:  Australia  •  Canada  •  England  •  France  •  Holland  •  Japan 
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rise  for  relatively  large  heat  dis¬ 
sipations,  providing  the  equipment 
is  designed  properly.  There  must 
be  enough  room  surrounding  the 
compounds  to  allow  for  the  develop¬ 
ment  of  fluid  velocities  associated 
with  free  convection.  Parallel  ver¬ 
tical  plane  surfaces  in  air  normally 
should  be  at  least  one-half  inch 
apart  for  effective  free  convection. 

Forced  convection  can  be  used 
either  by  channeling  the  cooling 
fluid  directly  over  the  components, 
or  indirectly  through  a  more  com¬ 
plex  cooling  system  involving  a 
heat  exchanger  to  which  the  com¬ 
ponent  is  attached  by  good  con¬ 
ductive  paths.  When  considering 
conduction,  oxygen-free  high  con¬ 
ductivity  OFHC  copper  is  for  prac¬ 
tical  reasons  the  material  used  with 
silver  only  slightly  better.  Finning 
is  most  advantageous  when  ther¬ 
mally  poor  coolants  are  used,  but 
care  must  be  taken  in  fin  design. 


Reference 


(1>.  M.  Marks  and  D.  R.  Fairbanks,  Heat 
Transfer  for  Hitrh  Density  Components, 
Raytheon’s  KJectronic  Proyress,  p  10,  Juiy- 
Augrust  195  a. 


International  Standards 
For  Electronic  Devices 


Three  new  publications  of  the  In¬ 
ternational  Electrotechnical  Com¬ 
mission,  lEC,  are  now  available 
through  the  American  Standards 
Association.  These  recommenda¬ 
tions  concern  capacitors,  resistors 
and  measurement  of  r-f  radiation. 

Recommended  methods  of  meas¬ 
uring  radiation  from  receivers  for 
amplitude-modulation,  frequency- 
modulation,  and  tv  broadcast  trans¬ 
mission  are  described  in  I  EC  Pub¬ 
lication  106.  These  methods  were 
establi.shed  to  make  possible  com¬ 
parison  of  the  results  of  radiation 
measurements  obtained  by  differ¬ 
ent  observers.  The  first  section  of 
the  publication  covers  measurement 
of  radiation  at  frequencies  below  30 
me  from  receivers  for  a-m  broad¬ 
cast  transmissions,  and  radiation 
cau.sed  by  tv  receiver  time-ba.se  cir¬ 
cuits.  A  second  section  covers  meas¬ 
urements  between  30  and  300  me. 


Redtop^  rectifier  eliminates  usual  heat  sink  hardware 

If  all  great  ideas  arc  simple,  ‘Redtop’  is  orte  of  the 
greatest.  We  brazed  an  alumina-ceramic  disc  to  a  stud 
base,  and  now  you  can  mount  this  insulated  base  silicon 
rectifier  directly  in  a  heat  sink  without  any  washers, 
grease,  tabs,  et  al.  It’s  all  in  one  piece.  And  because 
the  insulating  alumina  dissipates  heat  so  efficiently, 
you  can  use  smaller  heat  sinks  and  bridges.  What’s  more, 
electrical  characteristics  are  extraordinary,  too  —  like 
240  amp  surge  ratings,  2  usees  recovery  times,  1  uamp 
reverse  leakage  at  25*C.  Write  for  detailed  brochure  on 
2.5,  6,  and  12  amp  Redtops. 


‘REDTOP’® 

eliminates 


Capacitors 

Recommendations  for  ceramic  di¬ 
electric  capacitors.  Type  I,  lay 


Formerly  Brsdley  Laboratories  Inc. 


275  WELTON  STREET,  NEW  HAVEN  11,  CONNECTICUT 
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no  matter 
where  it  is 


. .  .with. 
ARNOUX’S, 
NEW'  ; 
DECOM® 


ADVANCED 

TDS 

SERIES 

200 


down  uniform  requirements  for 
judging  properties  of  fixed  ceramic 
dielectric  capacitors  specifically 
suited  for  resonant  circuit  applica¬ 
tion  or  any  other  applications 
where  low  losses  and  high  stability 
of  capacitance  are  essential.  Ex¬ 
cluded  are  capacitors  for  r-f  cur¬ 
rents  exceeding  one  amp  or  for  a 
reactive  power  exceeding  200  var, 
for  telecommunication  equipment 
and  electronic  devices  employing 
similar  techniques. 

Publication  lEC  108  describes 
test  methods  and  gives  a  color  code 
for  the  marking  of  values  of  capaci¬ 
tance  and  tolerance.  Recommenda¬ 
tions  are  given  for  classification 
into  groups  according  to  their  abil¬ 
ity  to  withstand  conditions  as  speci¬ 
fied  in  lEC  Publication  68,  Basic 
Climatic  and  Mechanical  Robust¬ 
ness  Testing  Procedure  for  Com¬ 
ponents  for  Radio  Communication. 


Resistors 

Recommendations  for  fixed  non- 
wirewound  resistors,  Type  II,  ap¬ 
plies  to  resistors  with  a  rated  di.ssi- 
pation  not  exceeding  3  watts  and  a 
rated  resistance  value  between  10 
ohms  and  22  megohms,  suitable  for 
u.se  in  circuits  where  high  stability 
of  the  resistance  is  not  of  major 
importance,  for  telecommunication 
equipment  and  electronic  devices 
using  similar  techniques.  This  pub¬ 
lication,  lEC  109  lays  down  uni¬ 
form  requirements  for  judging  the 
properties  and  classification  into 
groups  according  to  lEC  Publica¬ 
tion  68. 

These  standards  can  be  obtained 
from  the  American  Standards  As- 
.sociation,  in  New  York  City. 


Arnoux's  new 
Decommutator  ^ 
provides  greater 
dimension  in  k  * 
telemetry,  ftexibiiity, 
and  reiiabiiity. 


Arnoux’s  Decommutator®  Series  200  continues  to  operate  with  one  or  even 
all  information  gates  removed;  active  readout  capability  is  from  1  to  88 
channels,  operating  on  all  standard  I  RIG  sampling  rates  of  30.  45,  60,  or 
90  channels  at  from  75  to  900  pps.  All  output  patching  and  cross-strapping 
provided  internally. 


Printed  Circuit  Jack 


This  new  Decommutator  uses  a  new  gate-pulse  generator,  the  DGG-1  .which 
has  a  wide-range  rate  capability  and  can  be  adapted  for  any  system  requiring 
sequential  gate  pulses.  Economy  and  smallness  — the  DGG-1  is  only  3 Vi 
inches  high  and  mounts  in  a  standard  rack.  Selection  of  operating  mode  is 
by  front-panel  pushbuttons.  A  visual  channel  quantity  counter  is  provided 
for  proper  system  synchronization  check.  BULLETIN  801. 


ARNOUX  CORPORATION 

1192U  IP.  Washington  Blvd.  •  Los  Angeles  66,  Calif. 


This  novel  jack  is  shown  connected  to 
base  plates  of  circuit  board.  Contact- 
making  surfaces  are  made  of  silver,  and 
the  tension  springs  are  punched  out  of 
spring  steel.  Twin-contact  jack  was  de¬ 
veloped  by  J.  Bernuti  of  Mix  &  Genest 
Werke,  Stuttgart,  Germany 


ARNOUX 

PHONETICALLY.  SAY  ARE  NEW  ^ 

DECOMMUTATORS 
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PRODUCTION  TECHNIQUES 


Improve  Ultrasonic  Wash  Methods 


By  D.  E.  KOONTZ  and  I.  AMRON,  Bell  Telephone  Laboratories,  Inc.,  Murray  Hill,  X.  J.  and  Laureldale,  Pa. 


Ultrasonic  cleaning  efficiency 
can  be  improved  by  attention  to 
factors  revealed  in  a  series  of  tests 
comparinjf  various  cleaning 
methods  and  conditions.  The  te.sts 
also  demonstrated  that  ultra.sonic 
cleaning  is  superior  to  some  other 
commonly  u.sed  methods  of  cleaning 
electron  device  parts. 

On  the  basis  of  test  results,  ultra¬ 
sonic  washing  tanks  of  the  type 
shown  in  Fig.  1  were  built  and  are 
giving  .satisfactory  service.  Con¬ 
taminants  w'hich  could  cause  device 
failure  are  successfully  removed. 
Among  these  are  loose  carbon  on 
carbonized  vacuum  tube  anodes  and 
gas  diode  electrodes,  lint  and  other 
.solid  particles  on  fine  wire  grids, 
chips  in  glassware  and  glass  seals, 
and  contaminants  which  would 
cause  the  plating  of  semiconductor 
device  parts  to  blister  and  scale. 

Ultrasonic  cleaning  before  braz¬ 
ing  and  soldering  results  in  better 
wetting  of  the  parts  by  the  braze 
or  solder. 


Test  Procedures 


DETERGENT 
ADDED  HERE 


DETERGENT 
ADDED  HERE 


w 

i4>4 

2-^ 

TRANSDUCERS 


FIG.  I— Theta  uhratonic  washing  tanks  were  designed  around  advantages  and 
limitations  disclosed  by  tests  of  ultrasonic  efficiency  under  various  conditions 
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In  the  first  test,  30  flat  cathodes 
were  lapped  with  diamond  du.st  sus¬ 
pended  in  a  grease  base,  washed 
with  petroleum  spirits,  air-dried 
and  weighed.  They  were  trichlpr- 
ethylene  vapor  degreased  3  times 
and  reweighed.  Next,  the  cathodes 
were  boiled  twice  in  distilled  water, 
rinsed  with  acetone  and  reweighed. 
Finally,  they  were  ultrasonically 
washed  in  a  detergent  solution 
I  Igepal,  Antara  Chemicals),  dried 
and  reweighed.  Results  are  shown 
in  Fig.  2. 

Secondly,  small  platinum  gauze 
cylinders  were  coated  with  a  ce- 
ment-like  shell  of  grease  and  alu¬ 
mina  powder.  Results  of  tests  de¬ 
signed  to  show  the  efficiencies  of 
aqueous  cleaning  methods  are  given 
in  F'ig.  3. 

Another  series  of  tests  e.stab- 
lished  the  efficiencies  of  ultrasonic 
cleaning  equipment  at  high  and 
low  frequencies  (Fig.  4).  The  tests 
were  made  on  axially  corrugated 
cylinders  of  thin  stainless  steel 


FIG.  2— Improvement  of  cathode  cleaning 
by  ultrasonically-agitated  detergent  both 


IG-45KC 
■  (EFFICIENT 
COMMERCIAL 
.UNITS! 


60  120  ISO 

TIME.  IN  SECONDS 


FIG.  4— Cleaning  rates  of  high  and  low 
ultrasonic  frequencies 


\  -.)Y 


WATER  DETERGENT  WATER  DETERGENT, 


ULTRASONICALLY 

AGITATED 


FIG.  3— Comparative  efficiencies  of  aque¬ 
ous  cleaning  methods 


20KC  SONIC  FIELD 
SOLUTION  IS  0.05  % 
DETERGENT-50  C 


TEST  CYLINDERS 
K,  LOCATED 
WT  SONIC  NODE 
“"X-AT  SONIC  ANTINODE 


60  120 
TIME  IN  SECONDS 


FIG.  S— Comparison  of  ultrasonic  cleaning 
at  sonic  nodes  and  aniinodes 


sheet,  periodically  rotated  in  the 
bath.  Low  frequency  ultrasonic 
fields  are  more  efficient,  are  less  di¬ 
rectional  and  irradiate  a  larger 
area.  Larger  components  and  more 
components  can  be  irradiated  simul- 
taneou.sly  and  uniformly. 

Stable  standing  sonic  waves  must 
be  maintained  in  the  solution  for 
the  most  efficient  cleaning.  This 
happens  when  the  surface  of  the 
liquid  opposite  the  transducer  is  at 
a  node.  Cleaning  time  is  shortest 
when  work  is  placed  at  an  antinode 


(Fig.  5).  This  effect  can  be  com¬ 
pensated  for  inactual  practice  by 
moving  the  parts  in  the  bath. 


Flowing  Bath 

Redepositing  of  removed  con¬ 


taminants  can  be  prevented  by  a 
flowing  wash  bath,  but  di.ssolved 
gas  in  such  baths  impair  ultrasonic 
cleaning  efficiency  (Fig.  6).  How'- 
ever,  ultrasonic  energy  can  be  used 
to  outgas  clear  water  in  15  to  20 
minutes  and  detergent  solution  in 
75  to  100  minutes.  Outgassing  is 
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I^Slti™’-  SPECIFICATIONS 


i  i  i-  r  m 


Immediately  available  in  production  quantities! 

Ideal  for  limited  space  and  low-voltage  reiiuiremeiits  of  portable 
radios  and  a  variety  of  other  miniature  battery-powered  and  line- 
powered  equipment.  Excellent  for  bypass  and  coupling.  Tough 
phenolic  coating  affords  excellent  insulation  while  protecting  against 
severe  humidity  and  vibration.  For  further  information,  write  for 
Bulletin  SEB-2  toCornell-Dubilier  Electric  Corporation,  South  Plain- 
field,  New  Jersey.^ 


Capacitance  Values  Availabile: 
.005,  .01.  .02.  .06.  and  .1  mfd. 

Diameters:  .360"  to  .825" 
Working  Voltage :  50  VDC 


s 

ft 


Crimptd  and  Strai|ht>CMt 
Laadt  far  Automatian. 

Thane  uniti  are  avaiUhle  In 
«00  and  KXlO  VIH'W  iinlta 
im  type*  JA.  JH. 

Jl'.  HYA  and  other 
General  PiiriM»ne  raparlltir'> 
l^adn  are  accurately  apared 
un  these  units  for  easy 
liiHertlon  Into  prlntr«l  wlrlna 
iHiards.  <'rlmpe«l  lead  iiniti 
pre>ent  iMittominK  on  tlie 
printed  wiring  )>oard 
assuring  imnitlve  mntart 
for  soltlerlng.  Hlralght-cut 
leads  save  height  ofT  the 
fMiartl  and  may  tte  Inserte*! 
to  rlrcuniferenee  of  dlsr. 


Conirallcd  phanalla  dip 
avoids  "rundown"  of  the 
plieiMille  on  straight -rut 
leads.  Assures 
always'uniform 
soltlered  ronneetlons. 


onsistently  jj  ependable 

ORNELL-DUBILIER 


CAPACITORS 
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complete  when  streams  of  gas  bub¬ 
bles  no  longer  rise  to  the  surface. 
Gas  in  tap  water  will  prevent  cavi¬ 
tation  almost  entirely  if  flow  is 
greater  than  1  percent  of  volume 
per  minute,  but  this  flow  is  usually 
adequate  for  cleaning  electronic 
components. 

If  parts  are  to  be  held  in  baskets 
during  washing,  baskets  should  be 
made  of  screens  finer  than  200 
mesh,  screens  coarser  than  i  inch 
or  thin  sheet  material  with  drain¬ 
age  perforations.  Intermediate 
screens  scatter  large  portions  of  the 
radiation.  Large  numbers  of  parts 
should  not  be  packed  in  the  basket, 
since  this  al.so  scatters  the  radia¬ 
tion.  Parts  should  be  separated  by 
jigs  or  spread  in  thin  layers  at 
right  angles  to  the  radiation. 

In  the  tanks  of  Fig.  1,  flowing 
water  removes  gross  contaminants 
before  ultra.sonic  washing  in  a  de¬ 
tergent  solution.  Weirs  control  the 
flow  and  discharge  of  surface  water 
containing  gross  contaminants. 


38KC  SONIC  FIELD 
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FIG.  6— Comparison  of  ultrasonic  cleaning 
efficiency  of  baths  with  and  without  dis¬ 
solved  gas 

These  units  are  operated  at  a  bath 
temperature  of  50-60  C,  a  maximum 
flow  rate  of  1  percent  of  ultrasonic 
tank  volume  per  minute  and  with 
ultra.sonic  frequencies  below  45 
kilocycles.  Maximum  distances  of 
workpieces  from  transducer  is  usu- 
I  ally  12  inches. 

i  (From  a  paper  by  the  authors  in 

!  “Symposium  on  Cleaning  Elec- 

i  tronic  Device  Components  and  Ma- 

I  terials”,  ASTM  STP  246,  American 

Society  for  Testing  Materials, 
'  Philadelphia,  1959.) 


Traveling  Masks  Limit 
Spray  Coating  Area 

Traveling  masking  strips  are  u.sed 
in  a  spray-coating  machine  which 
will  automatically  encapsulate  4,000 
diodes  an  hour.  The  masking 
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AEROVOX  CORPORATION 


New  Bedford,  Massachusetts  •  WYman  4-9661 


•  superior 
construction 


•  premium 
performance 

I 

•  conventional 
prices 


r 

AEROVOX  announces  a  major  advancement  in  tubular  capacitor 
(non  metallic  case)  construction  that  establishes  completely  new 
standards  of  performance,  reliability,  and  appearance. 

POLYCAP  construction  offers  outstanding  humidity  resistance  _  f 
characteristics... excellent  long-life  characteristics... higher 
insulation  resistance.;. and  low  power  factor.  These  superior 
electrical  characteristics  are  yours  at  prices  no  higher  than 
conventional  molded  and  standard  tubufar  capacitors. 

POLYCAP  construction  makes  possible  a  tubular  capacitor 
absolutely  uniform  in  appearance  because  of  the  absence  of  any 
overall  wax  dip.  Elimination  of  wax  facilitates  handling  and 
assembly  procedures,  means  no  dripping  and  no  gUmmed-up^ 
machines.  Distinctive  black  plastic  case,  cleanly  printed, 
enhances  (he  appearance-of  any  chassis  or  assembly. 

POLYCAP  coijstruction  is  available  in  the  following 
miniature  capacitor  types; 

Paper  Foil  (P161N)  '  ^ 

Mylar*'  (V161N) 

Metallized-Paper  (P8292ZN) 

.,.and  with  radial  or  axial  leads.  POLYCAP  construction 
will  also  be  available  on  a  new  line  of  miniature  electrolytic 
capaditors.  Write  for  complete  details  and  technical 
information  to . . . 


now! 


draftsmen  can  lead 
a  more  upright  life 
and  do  faster, 
better  work! 


Traveling  masks  are  fed  from  rolls,  racks 
from  magaiine  and  spray  coating  from 
pressure  tanks 


Bruning's  all- new  Neoglide  drafters  literally  help  draftsmen  straighten  up 
and  do  faster,  better  work.*  They  provide  complete  maneuverability  on  any 
board  at  any  angle  without  adjustment!  Reinforced  U-beam  construction 
assures  rigidity,  strength,  and  accuracy.  Resistance-free  movement  of  verti¬ 
cal  beam  and  hidden  counterweight  provide  fast  “floating”  action.  Touch- 
control  protractor  head  gives  automatic,  pin-point  angle  selection.  Mail 
coupon,  now,  for  straight  facts  about  Neoglide  savings. 

*Sfudy  of  300  droffsmon  showd  35%  ioving$  in  drawing 
the  backaches  — on  verticoi  or  neor  veticaf  boordt. 


BRUNING 


Closeup  of  spraying  station 


method  permits  automation  since 
mechanical  spray  masks,  regi.ster- 
insr  devices  and  mask  cleaning  op¬ 
erations  are  not  necessary,  accord¬ 
ing  to  Conforming  Matrix  Corp., 
Toledo,  Ohio. 

The  strips  limit  the  spray  to  the 
diode  body  and  selected  portions  of 
the  leads.  Components  are  loaded 
onto  racks  which  move  continuously 
through  the  spray  station.  The  di¬ 
odes  are  spun  in  the  racks  for  even 
coating.  Coatings  can  also  be  ap¬ 
plied  to  capacitors,  fuses,  resi.stors 
and  transistors,  the  firm  reports. 


Soldering  Iron  Holds 
Constant  Temperature 

Thkrmostatic  .soldering  iron  has 
recently  been  introduced  in  Eng¬ 
land.  The  iron,  made  by  Cardross 
Engineering  Co.  Ltd.,  Cardross, 
Scotland,  is  reported  to  provide  a 
temperature  control  of  ^15  C  at  a 
normal  setting  of  2110  C  to  250  C. 

Differential  expansion  of  an 
inner  rod  and  outer  ca.se  operate  a 
snap  action  .switch  by  an  inter¬ 
mediary  magnifying  lever  move¬ 
ment.  Heat  transference  to  the 
handle  is  reduced  by  cutting  short 
the  copper  alloy  expansion  rod  and 
joining  it  to  a  low-conductivity 
metal.  The  iron  is  made  in  70  w 
and  500  w  sizes. 


ChorUs  B'uning  Compony,  Inc.,  D*pt.  10*UU 
1800  Central  Rd.,  Mount  Protpoct,  Illinois 
Offices  in  Principal  U.S.  Cities 
In  Canada:  103  Church  St.,  Toronto  1,  Ont. 

Please  send  me  more  information  about  your  new 
NeogliHe  drafters. 


Compony 


County 


•Stott 
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by  2i  in.  diameter;  the  power  sup¬ 
ply,  with  an  input  voltage  of  6.5 
±0.5  V  d-c  at  2.5  amperes  and  volt¬ 
age  output  of  150  V  d-c,  measures 
5  in.  long  by  2J  in.  diameter.  Each 
unit  weighs  2  lb. 
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S-Band  Beacon 
small  and  light 

Telerad  Meg.  Corp.,  Flemington, 
N.  J.  Model  19SC  is  an  S-band  bea¬ 
con  for  space  communications.  The 
receiver-transmitter  is  6}  in.  long 


a-c  at  1.2  amperes.  It  features 
continuously  variable  autotrans¬ 
former;  2-section  choke  input  filter; 
2-range  voltmeter  and  2-range  am¬ 
meter,  accurate  to  2  percent;  5-w’ay 
output  binding  posts;  magnetic  cir¬ 
cuit  breaker  and  range-indicating 
pilot  lights. 
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Power  Supply 
dual-range 

Model  Rectifier  Corp.,  1675  Utica 
Ave.,  Brooklyn  34,  N.  Y.  The  DV- 
III  transistor  power  supply  pro¬ 
vides  the.se  continuously  variable 
outputs:  0-60  V  d-c  at  1  ampere,  or 
0-30  V  d-c  at  2  amperes,  or  0-115  v 


is  suited  to  measurement,  calibra¬ 
tion,  timing  and  control.  It  can 
count  regular  or  random  events  to 
100,000  cps-manual  gate,  and  has  a 
time  interval  measurement  range 
of  0.5  millisec  to  278  "hr. 
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Counter-Timer 
versatile  unit 

Erie-Pacific  Division  of  Erie  Re- 
si.stor  Corp.,  12932  S.  Weber  Way, 
Hawthorne,  Calif.  Model  400  100-kc 
universal  electronic  counter-timer 


20  millisec,  accuracy  within  5  per¬ 
cent.  It  has  only  one  moving  part: 
a  precision  ground  ball  held  by  a 
uniform  magnetic  field.  The  ball  is 
released  to  close  or  open  an  electric 
circut  when  force  of  accAeration 
exceeds  the  magnetic  force.  Service 
life  of  the  switch  is  100,000  cycles. 
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Acceleration  Switch 
5  g  to  50  g 

Inertia  Switch,  Inc.,  311  W.  43rd 
St.,  New  York  36,  N.  Y.  Used  in 
missiles  and  aircraft,  series  5  I-S 
switch  is  responsive  to  axial  accel¬ 
eration,  uni-  and  bi-directionally, 
from  5  g  to  50  g.  Actuating  time  is 


through  a  mechanical  vibrator, 
transformer  and  voltage  doubler. 
Unit  is  housed  in  a  die-ca.st  alumi¬ 
num  case  measuring  4J  in.  high, 
62  in.  wide  and  6J  in.  long,  and 
weighs  8  lb.  It  can  operate  at  am¬ 
bient  temperatures  from  —65  to 
+  125  F. 

CIRCLE  204  ON  READER  SERVICE  CARD 


H-V  Power  Supply 
meets  Mil  Specs 

Southwestern  Industrial  Elec¬ 
tronics  Co.,  10201  Westheimer 
Road,  Houston,  Texas.  Model  PS- 
28  h-v  power  supply  produces  16 
kv  d-c  at  200  #ia  from  26.5  v  d-c  650 
ma  nominal  input.  Conversion  is 


units,  etc.,  for  prototypes  and  small 
production  runs.  In  addition  to 
providing  a  fa.ster,  easier  method 
Alden  Products  Co.,  117  N.  Main  of  mounting  standard  components 
St.,  Brockton  64,  Mass.  Terminal  the  kit  is  also  a  logical  means  to 
card  mounting  kit  No.  42  is  a  low-  get  started  with  plug-in  unit  con- 
cost,  all-in-one  tool  for  rapid  con-  struction.  This  universal  tool 
struction  of  resistor  boards,  tur-  punches  terminal  holes,  swages 
rets,  vertical  plane  circuits,  plug-in  terminals,  eyelets  sockets,  and 


Mounting  Kit 
all-in-one  tool 
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your  AMPEX  Field  Service  Engineer 


Anipex  service  begins  the  moment  your  new  equipment 
comes  out  of  the  cases.  Whether  it  is  a  single  FR-IOOA  or 
a  complete  digital  tape  handling  system,  your  Ampex 
Service  Engineer  is  there  on  installation  day. 

He  sees  to  the  proper  installation  of  your  equipment.  He 
tests  it  with  its  original  factory  checkout  tape  and  spe¬ 
cially  designed  calibration  units.  And  he  thoroughly 
instructs  your  staff  in  its  operation. 

Throughout  your  warranty  period — and  afterwards — 
Ampex  Field  Service  is  in.stantly  available  for  modifica¬ 
tions  or  fast  replacements,  avoiding  costly  down  time. 


First  in  magnetic  tape  instrumentation 


Minutes  after  your  call  to  the  nearest  of  12  offices  or  to 
the  Ampex  Home  Office,  extra  parts  or  com{)onents  are  on 
their  w’ay.  And  this  same  close  tie  between  factory  and 
Field  Service  keeps  Ampex  Service  Engineers  constantly 
up-to-date  on  the  latest  techniques  and  equipment. 

Available  are  Field  Service  programs  ranging  from  sched¬ 
uled  preventive  maintenance  calls  or  time  and  materials 
contracts,  to  the  services  of  a  full-time  resident  Ampex 
engineer.  With  your  purcha.se,  an  Ampex  data  specialist 
will  discuss  a  service  and  spare-parts  plan  tailor-made  to 
suit  your  magnetic  tape  instrumentation  needs. 


AMPEX  INSTRUMENTATION  DIVISION 
934.  Charter  Street,  Redwood  City,  California 
Offices  in  USA  and  Canada.  Engineering  representatives  cover  the  world. 


John  A.  Hickey,  Industrial  Products  Manager,  discusses  new  Raytheon 
PF  Transformer  line  with  William  P.  Sharpe,  Product  Planning  Manager^ 

Now  Locally  Stocked . . . 

RAYTHEON’S  NEW  PF  LINE 

New  constant  voltage  plate -filament  power  transformers 
now  available  at  Raytheon  Distributors 


These  new  Raytheon  stabilizing  transformers  pro¬ 
vide  constant  voltage  better  than  They 

prolong  tube  life  and  improve  reliability  and  per¬ 
formance  of  electronic  equipment.  Often  eliminate 
need  for  other  voltage-regulating  components.  Also 
serve  as  effective  “first-.stage”  regulators  ahead  of 
other  voltage-stabilizing  circuits.  What’s  more, 
these  new  Raytheon-manufactured  Transformers 
eliminate  the  need  to  match  capacitors  to  the  trans¬ 
formers  when  replacements  are  made. 

Back-up  Stock  —  Ask  your  nearest  RajTheon  Dis¬ 
tributor  to  inventory  your  electronic  components 
needs.  He’ll  carry  a  complete  back-up  stock.  Ray¬ 


theon  engineers  are  at  his  service  to  help  solve  your 
applications  problems,  too. 

Single  Source  —  Whatever  electronic  components 
you  need,  your  local  Raytheon  Industrial  Products 
Distributor  can  supply  them.  Electronic  tubes, 
semiconductors,  voltage  regulators,  knobs  and 
hardware.  And,  a  COMPLETE  LINE  OF  stabilizing 
PLATE  AND  FILAMENT  TRANSFORMERS. 

If  you  don’t  know  your  nearest  Raytheon  Indus¬ 
trial  Electronics  Distributor,  write  to  John  Hickey, 
Industrial  Products  Manager,  who  will  be  glad  to 
give  you  his  name  or  have  him  call  you. 


RAYTHEON  COMPANY  •  DISTRIBUTOR  PRODUCTS  DIVISION 
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Raytheon  Distributors 
Serving  Key  Markets 
Include: 


Baltimore,  Md. 

Wholesale  Radio  Parts  Company 
Birmingham,  Ala. 

Forbes  Distributing  Company 
Boston,  Mass. 

DeMambro  Radio  Supply  Company 
Lafayette  Radio 

Burbank,  Cal. 

Valley  Electronic  Supply  Company 
Chicago,  III. 

Newark  Electric  Company 

Cleveland,  Ohio 
Main  Line  Cleveland,  Inc. 

Pioneer  Electronic  Supply  Corporation 

Dayton,  Ohio 
Srepco,  Inc. 

Denver,  Colo. 

Ward  Terry  &  Company 

Detroit,  Mich 

Ferguson  Electronic  Supply  Company 

Inglewood,  Cal. 

Newark  Electric  Company 

Kansas  City,  Mo. 

Burstein-Applebee  Company 

Knoxville,  Tenn. 

Bondurant  Bros.  Company 

Los  Angeles,  Cal. 

Kierulff  Electronics  Corporation 

Milwaukee,  Wis. 

Electronic  Expeditors,  Inc. 

Mobile,  Ala. 

Forbes  Electronic  Distributors,  Inc. 

New  York  City 
Arrow  Electronics,  Inc. 

H.  L.  Dalis,  Inc. 

Milo  Electronics  Corporation 

Oakland,  Cal. 

Elmar  Electronics 

Philadelphia,  Pa. 

Almo  Radio  Company 

Phoenix,  Ariz. 

Radio  Specialties  &  Appliance  Corporation 

Portland,  Ore. 

Lou  Johnson  Company 

Tampa,  Fla. 

Thurow  Distributors 

Tulsa,  Okla. 

S  &  S  Radio  Supply 

Washington,  D.  C. 

Electronic  Wholesalers,  Inc. 


This  it  a  portiol  lifting  only. 

Nomtt  of  other  Raytheon  Induttrial  Ditfributort 
on  request  from  John  Hickey,  Raytheon  Distributor 
Products  Division,  Westwood,  Mass. 


rivets  bracket.s  by  simply  chan}?inp 
punch  and  anvil — makes  it  simple 
to  lay  out  your  schematic  in  pro¬ 
duction  form — move  directly  to 
circuit  wirinpr. 
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Resistors 
light  dependent 

Ferroxcube  Core,  of  America, 
Saugerties,  N.  Y.  Small,  light  de¬ 
pendent  resistor,  with  resistance 
ratio  in  excess  of  25,000  to  1  for  a 
light  intensity  change  from  total 
darkness  to  1,400  ft  candles,  con- 
si.sts  of  cadmium  sulfide  cell  with 
silver  electrodes.  Can  eliminate 
high  gain  amplification  stages,  has 
an  interminable  service  life  and  is 
low  cost.  Used  for  automatic  con¬ 
trol  of  tv  picture  brightness  and 
other  applications  calling  for  a 
change  of  circuit  resistance  as  light 
intensity  varies. 
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Test  Chamber 
walk-in  type 

Conrad,  Inc.,  141  Jefferson  St.,  i 
Holland,  Mich.  Model  VVD-420 
walk-in  environmental  te.st  cham¬ 
ber  has  a  temperature  capability 
from  +500  F  to  —100  F.  Available 
humidity  control  range  is  20  per¬ 
cent  to  98  percent  from  35  F  dew 
point  to  +185  F.  Several  instru¬ 
mentation  options  can  be  furnished. 
Unit  pictured  shows  electronic  po¬ 
tentiometer  type  programming  re¬ 
cording  controllers.  The.se  in.stru-  j 
ments  operate  from  a  copper  ' 


SENIOR  ENGINEERS  \ 

AND  PHYSICISTS 

FOR  SEMICONDUCTOR  R&D 


Expansion  of  advanced  research  and 
development  activity  at  the 
Semiconductor  Division  of  Hughes 
Products  (Hughes  Aircraft  Co.)  has 
created  several  openings  for  senior 
men  capable  of  assuming  the 
direction  of  important  new  programs. 
Openings  include; 

DEVICE  DEVELOPMENT  PHYSICIST- 
to  work  on  new  device  programs  j 
with  responsibility  for  fabrication 
processes,  device  theory  and  analysis 
or  device  testing  and  evaluation.  He 
must  have  an  M.S.  or  Ph.D.  in  Physics/ 
and  several  years  experience  in  the  j 
development  of  semiconductor  / 
devices.  / 


EXPERIMENTAL  DEVICE  STUDY 
PHYSICIST -to  do  theoretical  and/or 
experimental  research  on  advanced 
exploratory  solids  for  the  devices 
on  a  long  range  study  basis.  He  will 
work  on  his  own  project  or  in 
conjunction  with  other  physicists  on 
basic  device  study,  leading  to  the 
first  model  of  a  new  device.  Position 
requires  an  M.S.  or  Ph.D.  in  Physics 
and  several  years  experience  in  the 
experimental  research  on  advanced 
semiconductor  devices. 

Recently  completed  ultramodern 
facilities  of  the  Semiconductor 
Division  are  located  in 
Newport  Beach,  California- just 
south  of  Los  Angeles.  Here  you 
will  find  choice  suburban  living  in 
the  heart  of  Western  electronics. 

If  you  meet  the  requirements 
for  the  above  positions,  or  if  you 
are  a  senior  engineer  or  physicist 
with  experience  in  the  field  of 
semiconductors,  we  invite  your 
inquiry.  Please  contact; 

Mr.  C.  L.  M.  Blocher 
Scientific  Staff  Representative 
HUGHES  SEMICDNDUCTDR  DIV. 
500  Superior  Avenue 
Newport  Beach  11,  California 


[hughes  products 

SCMICONOUCTOR  DIVISION  /D 
HUOHIS  AIRCHArr  COMPANY  ^R 
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constantan  thermocouple  and  have 
a  calibrated  accuracy  of  i  of  1  per¬ 
cent  of  scale. 
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AC  RATIO  MEASUREMENTS? 


THERE’S  A 

NORTH  ATLANTIC  INSTRUMENT 
TO  MEET  YOUR  REQUIREMENTS, 
TOO... 

Now— from  North  Atlantic— you  get  the  complete 
answer  to  AC  ratio  instrumentation  problems  — in  the 
laboratory,  on  the  production  line,  in  the  field. 

Specialists  in  ratiometry.  North  Atlantic  offers  the  only 
complete  line  of  precision  instruments  to  handle  any 
ratio  measurement  task.  All  are  designed  to  meet  the 
most  demanding  requirements  of  missile  age 
electronics  — provide  high  accuracy,  flexibility, 
component  compatability  and  service-proven 
perforformance.  Some  are  shown  above. 

If  your  project  demands  total  solution  to  ratio  measure¬ 
ment  problems,  write  for  Date  File  No.10A.lt  provides 
complete  specifications  and  application  data  and  shows 
how  North  Atlantic’s  unparalleled  experience  in  ratio¬ 
metry  can  help  you. 


1.  RATIO  boxes: 
Both  laboratory  stand¬ 
ards  and  general  duty 
models.  Ratio  accu¬ 
racies  to  0.0001%. 
Operation  from  25 
cps  to  10  kc. 


2.  COMPLEX 
VOLTAGE 
RATIOMETERS 
Integrated,  single-unit 
system  for  applica¬ 
tions  where  phase 
relations  are  critical. 
Accuracy  to  0.0001%, 
unaffected  by  quadra¬ 
ture.  Three  frequency 
operation.  Direct  read¬ 
ing  of  phase  shift  in 
fflilliradians  or  degrees. 


3.  PHASE  ANGLE 
VOLTMETERS 
Versatile  readout  sys¬ 
tem  for  all  ratiometry 
applications,  providing 
direct  reading  of 
phase,  null,  quadra¬ 
ture,  in-phase  and 
total  voltage.  Broad¬ 
band,  single-,  or 
multiple-frequency 
operation. 


4.  RATIO 
TEST  SETS 
Ratio  reference  and 
readout  in  one  con¬ 
venient  package  for 
production  line  and 
similar  applications. 
Can  be  supplied  with 
any  desired  combina¬ 
tion  of  ratio  box  and 
phase  angle  voltmeter. 


Time  Delay  Relays 
highly  accurate 

Tempo  Instrument  Inc.,  P.  0.  Box 
338,  Hick.sville,  N.  Y.  A  group  of 
time  delay  relays  with  transistor 
timing  module  are  accurate  to  =t3 
percent  under  any  combination  of 
the  following:  input  voltage  varia¬ 
tions  from  18  to  31  v  d-c;  tempera¬ 
tures,  —55  to  125  C;  vibration  to 
20  g’s,  2,000  cps;  shock  to  50  g’s, 
11  millisec;  acceleration  to  20  g’s. 
Time  delay,  which  is  fixed  and  oc¬ 
curs  on  pull-in,  may  be  .specified 
anywhere  between  0.70  and  300  sec. 
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Power-Film  Resistors 
noninductlve 

Filmohm  Corp.,  48  W.  25th  ^., 
New  York  10,  N.  Y.  Type  RD  re¬ 
sistors  exceed  requirements  of 
MIL-R-11804C.  They  are  nonin- 
ductive  and  ideal  for  power  and  h-f 
applications.  Standard  temperature 
coefficient  is  le.ss  than  0.035  percent 
per  deg  C.  Units  can  be  supplied  in 
values  from  10  ohms  to  3  K  ohms 
in  .standard  sizes  of  7  to  150  w. 
Standard  tolerances  are  ±2  per¬ 
cent  and  ±5  percent.  All  resistors 
are  derated  to  zero  at  235  C. 
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Microwave  Relay 
heterodyne  repeater 

Sarkes  Tarzian,  Ea.st  Hillside 
Drive,  Bloomington,  Ind.  RMW-IA 
crystal-controlled  heterodyne  re- 
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FILLS  THE  20-30W 
HIFI  POWER  GAP! 


Mi 

10-15  W 

15-20  W  1 

G-E 

6BQ5 

6DZ7 

G-E  1 
7189-A 

[  30-50  W 


G<E 

6L6-GC 


7355 

BEAM  POWER 
PENTODE 


General  Electric’s  new  7355  answers  a  hi-fi,  stereo  need  that 
is  felt  sharply — for  low-distortion  power  in  the  20  to  30 
watts  range.  Fast-selling  “middle  of  the  line”  instruments 
require  this  output.  Two  7355’s  provide  it,  with  these 
advantages  to  the  designer:  (1)  tube  and  circuit  costs  are 
economical.  (2)  Tube  size  is  right — only  3"  high  seated. 

(3)  The  tube  quality  is  there — same  5-ply  plate  construction 
as  the  premium-performance  G-E  6l/)-GC.  See  ratings,  at  right, 
for  power  that  is  hand-tailored  for  medium-size  hi-fi  with 
superior  tone!  Further  information  about  new  Type  7355 
available  from  any  General  Electric  tube  office  below. 


Max  plate  dissipation 
Max  screen  dissipation,  continuous 
Max  screen  dissipation,  peaks  of 
speech  and  music 
Power  output  for  two  tubes  p-p 
Class  A  Hi  under  following 
conditions; 

Kb  =  :«H)  V 
Erf  =  250  V 

Erf  =  —21  V  w 

Ri  =4(M)0  ohms 


20  w  to  voice 
coil,  with  only 
1.8%  distortion 
without  feedback 


In  addition  to  .5  |M)wer  tulu-s  that  cover  a  wide 
output  range,  (i.E.  makes  available  these  4  high- 
quality  types  for  other  hi-fi,  stereo  applications: 


200  Main  Ave.,  Clifton.  N.  J.  3800  N.  Milwaukee  Ave,  11810  W.  Olympic  Hlvd. 
(In  Clifton)  CiRegory  3-6387  Chicago  41,  Illinois  Los  Angeles  (A,  Calif. 

( In  New  York  City)  SPring  7-1600  Phones:  GRanite  9-7765 

Wisconsin  7-4065, 6,  7, 8  HRadshaw  2-8566 


Rectifier  tube 
Rectifier  tube 
Low-noise  twin  triisle 
for  pre-amplifier  use 
Utility  low-noiM-  dou¬ 
ble  triode  with  dis¬ 
similar  sections 


Ingress  /s  Our  Most  Important  T^oc/uct 

GENERAL^  ELECTRIC 


iiSrF-i';, 
■r. ' 
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Ciectrnici  ii  Art  created  for  RCA  by  A.  H’.  Gale 


A  NEW  DIMENSION 


.  IN  SCIENTIFIC 
/  OPPORTUNITY 

FOR  SCIENTISTS- ENGINEERS 


RCA’s  continuing  research  and  development  program— which  recently  pro¬ 
duced  the  dramatic  nuvistor  concept— has  a  limited  number  of  challenging 
project  assignments  available  to  qualified  scientists  and  engineers.  You 
are  invited  to  inquire  about  these  key  positions  if  you  have  a  degree  in... 

ELECTRICAL  ENGINEERING  •  CERAMICS  •  PHYSICS  •  METALLURGY 
Phone  or  write :  Mr.  J.F.McPartland  •  Dept.  J-26‘J  •  HUmboldt  5-3900 


g)  RADiO  CORPORATION  OF  AMCRiCA 
^  CImetron  Tubm  DNMon  •  Harrfton,  Nmw  Jaraay 


peater  microwave  relay  for  multi¬ 
hop  installation  allows  unattended 
operation  for  intercity  interconnec¬ 
tions  in  the  2,000  me  band.  Video 
and  audio  dropouts  can  be  made  at 
any  intermediate  point. 
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Harmonic  Filter 
high-powered 

General  Electric  Co.,  Schenec¬ 
tady  5,  N.  Y.  Filter  designed  to 
suppress  typical  harmonic  and 
spurious  signals  generated  by  high- 
power  magnetrons,  klystrons  and 
twt’s.  Intended  for  use  in  wave¬ 
guide  line  between  tube  and  an¬ 
tenna,  it  has  an  insertion  loss  in  ex¬ 
cess  of  25  db  for  all  signals  from 
5,400  me  to  10,000  me,  can  handle 
power  levels  up  to  5  megawatts,  has 
an  insertion  loss  below  0.2  db 
throughout  pass  band  from  2,700 
me  to  3,100  me;  vswr  across  both 
pass  and  stop  bands  is  less  than  1.8. 
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Motor  Tach  Generator 
meets  MIL-E-5272 

John  Oster  Meg.  Co.,  1  Main  St., 
Racine,  Wise.  Size  15  temperature 
compensated  motor  tach  generator 
incorporating  a  4-pole  115  v  fixed 
phase  motor  with  a  36  v  control 
pha.se  center  tapped  winding  suit¬ 
able  for  transistorized  operation  is 
available.  Motor’s  stall  torque  is  1.5 
oz  in.  and  no  load  speed  9,500  rpm. 
Generator  has  115  v  excitation 
winding,  output  voltage  gradient  of 
2.2  v  per  1,000  rpm,  linearity  0.05 
percent  up  to  4,200  rpm,  and  ±  0.2 
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FOR  SUPER-FINE  CUTTING 
OF  HARD.  BRITTLE 

I  _ 

M  AT  E  R^  A  L  S  .  .  . 


Industrial 
Airbrasive  Unit 


We  don’t  recommend  slicing  up  the  family’s  fine  Limoge  China,  but  this 
does  illustrate  the  precisely  controlled  cutting  action  of  the  S.  S.  White 
Airbrasive  Unit.  Note  how  clean  the  edge  is,  and  how  the  delicate  ceramic 
decoration  is  unharmed. 

The  secret  of  the  Airbrasive  is  an  accurate  stream  of  non-toxic  abrasive,  gas- 
propelled  through  a  small,  easy-to-use  nozzle.  The  result  is  a  completely  cool 
and  shockless  cutting  or  abrading  of  even  the  most  fragile  hard  materials. 

Airbrasive  has  amazing  flexibility  of  operation  in  the  lab  or  on  an  automated 
production  line.  Use  the  same  tool  to  frost  a  large  area  or  to  make  a  cut  as 
fine  as  .008" !... printed  circuits... shaping  and  drilling  of  germanium  and 
other  crystals... deburring  fine  needles... cleaning  off  oxide  coatings... wire¬ 
stripping  potentiometers... engraving  glass,  minerals,  ceramics.  Jobs  that 
were  previously  thought  impossible  are  now  being  done. 

eSemi  IIS  samples  and  specs  on  your  difficult  jobs  and  let  us 
test  them  for  you. 

...complete  information 


percent  maximum  variation  in  out¬ 
put  voltage  over  ambient  tempera¬ 
ture  range  of  —  10  C  to  -f  95  C. 
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Indicator  Thyratron 
dual-control 

WiLTEC  Electronics,  Inc.,  5:i 
Water  St.,  South  Norwalk,  Conn. 
WC-20  .subminiature  indicator  thy¬ 
ratron  requires  two  coincident  sig¬ 
nals  of  4.5  V  and  negligible  control 
current  to  produce  bright  neon  in¬ 
dicating  glow  in  dome,  visible  from 
any  angle.  A  single  signal  applied 
to  either  of  two  control  grids  will 
not  produce  an  indication.  Use  in 
computers,  data  processors,  signal 
systems,  and  keyboard  equipment. 
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S.S.  WHITE  INDUSTRIAL  DIVISION  •  Dept.  EU  *10  East  40th  Street.  New  York  16,  N.  Y. 

Enclwelve  for  Arizona  ond  Coiifornlo  *  WEIGHTAAAN  AND  ASSOCIATES,  Burbank,  CoMf 


Voltmeters 

electrostatic 

GRH  Halltest  Co.,  Valparaiso, 
Ind.  Electrostatic  voltmeters,  avail¬ 
able  as  table  models  and  panel  in¬ 
struments,  have  ranges  from  0-250 
V  up  to  0-2,000  V  d-c  and  a-c.  Instru¬ 
ments  have  magnetic  eddy  cur¬ 
rent  damping.  Capacity  of  meter 
movement  is  12  to  65  millimicro- 
farads,  internal  resistance  in  dry 
air  10“  ohms. 
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Miniature  Choppers 
general-purpose 

Collins  Electronics  Mfg.  Corp., 
Stevensville,  Md.  Series  of  chop¬ 
pers  for  aircraft  and  line  fre¬ 
quencies  in  spdt  or  dpdt  types,  60 
or  400  cps,  in  both  make-before¬ 
break  and  break-before-make  de¬ 
signs.  They  are  hermetically  sealed 
and  dry-gas  filled  for  operation  in 
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ACTUAL  SIZE 


Available  now  ...  a  complete 
line  of  fully  encapsulated  high- 
loading  TRANSISTOR  DIGITAL 
CIRCUITS . . .  plug-in  components 
to  give  you  true  reliability  at 
very  low  cost.  Epsco  TDC’s  save 
you  engineering  time  .  .  .  slash 
space  requirements  . . .  provide 
flexible,  compatible  operation. 


Silicon  Rectifiers 
compact  design 

Syntron  Co.,  Homer  City,  Pa. 
Style  30  silicon  a-c  to  d-c  power 
rectifiers  weifrh  i  oz,  and,  with  an 
lA-in.  hex  stud  ba.se,  maximum 
height  is  1 1’>  in.  They  are  rated  at 
10  amperes  average  at  150  C  am¬ 
bient;  are  available  with  piv  ranj?- 
injr  from  50  to  400  v  in  50-v  steps. 
Outer  case  is  nickel  plated  to  with¬ 
stand  .severe  service  without  fail¬ 
ure. 
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Airborne  Converter 
rugged  unit 

Alto  Scientikic  Co.,  Inc.,  855 
Commercial  St.,  Palo  Alto,  Calif. 
Model  Ml  116  d-c  to  d-c  converter  is 
hermetically  sealed  to  meet  mi.ssile 
flight  environments.  It  has  input 
voltajre  of  28  v  -LlO  percent;  out¬ 
put,  350  V  at  110  ma;  rejrulation, 
—  5  percent  from  75  to  100  percent 


AVAILABLE  CIRCUITS 

Flip-Flops  and  Counfers 
Diode  AND  Gates  v 

Diode  OR  Gates  ; 

Nor  Gates  —  An  Epsco  Exclusive 
Parallel  Gates 
Cascade  Gates 
Inverter  Amplifiers  j  * 

Non-Inverting  Amplifiers  (,  ** 

Emitter  Followers  ^  ' 

Pqwer  Drivers 
Delay  Multivibrators 
Pulse  Shapers  ' 

Level  Converters 
Neon  Indicators 

incandescent  Indicators  j 

Blocking  OKillators 
Level  Shapers 

6,  1.2,  1 8  volt  Power  Supplies 
Clock  Multivibrators  (0-200  KC) 

Coming  >oon;  complaf*  )  me.  logic  circuit  family 
.  . .  and  wt'n  adding  others  all  the  lime 


€psco^ 


COMPONENTS 


•  Save  Time  and  Space 
e  Cut  Costs 

e  Permanent  Encapsulation 

•  Vibration-Moisture  Resistant 

•  Field  Proven  Circuits 

•  Low  Power  Requirements 
e  High  Loading 

•  Completely  Compatible 

•  In-Line  or  Tube  Socket 
Mounting 

e  Easy- Access  Test  Points 
SPECIFICATIONS 

Froqssoncy  Rang** . up  to  400  KC 

Switebinf  ThliM 

Diodo  logic.. .  . .  .OJ^  MMC  max 

Trantlslof  logic . 1.5  ptoc  max 

Signal  Voltaga  Lovob 

±18  voltv  ±  6  voitt 
Temporoluro  Rang* 

-55*C  to  -t-75'C 


WRITE  FOR  FREE  BROCHURE  —  o 
tomplele  illutiraled  tolar  brochure 
plot  complete  set  of  engineering 
inquiry  data  sheets  with  detailed 
performance  chorocteristics,  Epsco, 
Inc.,  Components  Division,  Dept. 
If  12  8,  108  Cummington  St., 
Boston  IS,  Mass. 


solve 

YOUR  LOGIC  CIRCUIT 


PROBLEMS  WITH 
EPSCO’S  NEW 


COMPONENTS 


any  known  climate.  Insertion  and 
removal  is  simplified  by  connections 
brought  out  through  the  base. 
Maximum  noise  is  450  fiv  across  1 
megohm  at  400  cps. 
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37201 


37204 


372911  r- 


37212 


37202 
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Custom  HYSPERSYN* 
motors. ..a  major  advance 
in  hysteresis-synchronous 

motors!  •  PATENT  PENDING,  TRADEMARK 


Bfkey  Hvspebsyn  motors  combine  the  desirable  features 
of  tbe  hysteresis  motor,  the  induction  motor  and  the  DC- 
excited  synchronous  motor.  The  result  is  a  unique  motor 
witli  high  starting  torque,  excellent  damping  character¬ 
istics  and  up  to  SO'/J  efficient.  The  Hyspeksyn  can  be 
built  to  sizes  from  l/lOOth  to  1  horsepower;  to  oix^rate 
on  any  freciuency,  voltage,  or  speed;  ^ 
in  any  ambient;  and  can  be  built  to  ■ 

any  shape.  CUSTOM 

Hekey  sp«‘cializes  in  cu.stom  rotat-  MOTORS 

ing  equipment.  No  requirement  is  too  tnc’ 

specializa'd  or  too  small.  For  answers  2233  Federal  Avenue 
to  specific  que.stions  write  to:  Los  Angeles  64,  Catif. 
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Prepared  especially  by  the  2S-man  edi¬ 
torial  staff  of  electronics,  this  64-page 
section  is  designed  to  assist  the  buyer  by 
providing  him  with  market  data,  elec¬ 
tronics  applications,  market  distribution, 
market  reports  and  books,  industry  or¬ 
ganizations  and  services. 

electronics  BUYERS'  GUIDE 
and  Reference  Issue 

A  McGraw-Hill  Publication 
330  West  42nd  Street 
New  York  36,  New  York 
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VALUABLE  64  PAGE 
REFERENCE  SECTION 


in  electronics  BUYERS'  GUIDE 


JAMES  MILLEN  MFG.  CO.,  INC. 

MALDEN 

MASSACHUSETTS 


BINDING  POSTS  AND  PLUGS 

Miniature  binding  posts,  plates  and  plugs  are 
ovailoble  in  addition  to  the  regular  line  of 
standard  site  units.  The  plates,  plugs,  and  in¬ 
sulated  binding  posts  are  available  in  black 
or  rad.  The  plugs  and  plates  ore  olso  available 
in  tow  loss  mico  Oiled  phenolic. 


of  full  load;  base  plate  tempera¬ 
ture  range.  30  F  to  135  F;  storage 
temperature,  —65  F  to  4  160  F; 
output  ripple,  less  than  1.2  v  rms; 
efficiency,  more  than  60  percent. 
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Sampling  Switch 
wiperless  contacts 

Electric  Regulator  Corf.,  Nor¬ 
walk.  Conn.  Roto-.Jet  sequential 
sampling  switch,  actuated  by  a  ro- 
tiiiing  jet  of  air,  can  make  more 
than  3,600  closures  per  sec.  Signals 
of  1,2  and  3  mv  can  be  transmitted 
free  from  noise  without  amplifica¬ 
tion  or  filtering.  Applications  in¬ 
clude  use  with  thermocouples, 
strain  gages,  light-sensitive  devices 
and  similar  elements  of  computer, 
telemetering,  and  complex  process 
control  .systems.  Sampling  speeds 
available  up  to  40  rps. 
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Pulse  Transformer 
low  duty  cycle 

Edgerton,  Germeshausen  & 
Grier,  Inc.,  160  Brookline  Ave., 
Boston,  Mass.  Pul.se  transformer 
to  supply  pulse  energy  to  sonar 
transducers  with.stands  15,000  psi 
water  pressure  at  36,000  ft  below 


If  you  are  interested  in  a 

NEW  PLANT 
LOCATION- 


write  for  | 


FREE  LITERATURE 

WEST  PENN  POWER 

an  oppratinc  unit  of  the  WEST  PENN  ELEt  rniC  SYSTEM  \  PKN^^fH/{»WW 


Area  Development  Department.  West  Penn  Power  Ckjmpany 
Cabin  Hill.  Grwn.sburg,  Pennsylvania  E-14 

Yes,  we  are  considering  a  new  plant  liK-ation. 

Please  send: 

Q  Plant  I^ocation  Services  b<K)klet 

□  Plant  &  Site  folder 

□  FACTS  about  WESTern  PENNsylvania 


Company 

Pbone 

Individual 

Title  . 

Addrtsis 

Citv 

Zone  .State 
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>>NIKE  HERCULES 


sea  level.  Peak  pulse  is  8,000  v.  It 
is  mounted  in  an  oil-filled  Plexi¬ 
glass  container  with  neoprene  rub¬ 
ber  end  plugs.  Oil  filling  under 
vacuum  exhau.sts  contained  ga.ses, 
making  the  unit  a  solid  mass  able 
to  resist  extreme  pressures.  Di¬ 
ameter  is  21  in.;  length,  11  in. 
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F-M  Record  Amplifier 
airborne  type 

Consolidated  Electrodynamics 
CoRP.,  300  N.  Sierra  Madre  Villa, 
Pasadena,  Calif.  Type  1-151  ampli¬ 
fier,  for  use  with  airborne  magnetic- 
tape  recorders,  will  operate  from 
—  54  C  to  -1-71  C.  Center  frequency 
range  is  from  1.685  to  54  kc  in  six 
steps  for  recording  at  tape  speeds 
from  li  to  60  ips.  Peak-to-peak 
sensitivity  range  is  1  to  10  v;  devia¬ 
tion  on  all  frequencies,  -i40  per¬ 
cent. 
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where  it  counts! 


Best  proof  of  Dunco  Type  FC-6  reliability  is  the  fact  that 
these  sturdy  little  relays  are  specially  designed  to  play  impor¬ 
tant  parts  in  all  of  the  missile  programs  illustrated  above — 
and  several  more  besides. 

Type  FC-6  Relays  are  spotlessly  clean.  They  have  a  new 
and  outstandingly  dependable  contact  material,  and  include 
unique  design  features  that  provide  positive  protection  against 
extreme  vibration  and  shock. 


Oscillators 
subcarrier  type 

UoRSETT  Laboratories,  Inc.,  401  FI. 
Boyd  St.,  Norman,  Okla.  Three  new 
.silicon  transi.stor  voltage  controlled 
.subcarrier  o.scillators  for  telemeter¬ 
ing  application.s.  Model  0-7A  is 
available  in  all  7‘  percent  IR1(» 
channels  with  a  5  v  input  range 
.sensitivity  for  full  channel  devia¬ 
tion,  affords  output  of  1  v  rms 
into  1,000  ohms,  has  self-contained 
potentiometer  controls  for  center¬ 
ing  and  output  level  adjustments, 
weighs  le.ss  than  5  oz,  occupies  ap- 


Dtinco  Bulletin  FC  gladly  sent  on  request 

Member,  Natiunal  Assn,  nf  Relay  Manufacturers  a 


Makers  of  the  world’s  largest  selection  of  relay  types 
STRUTHERS-DUNN,  Inc.,  Pitman,  N.  J. 

Silts  CntiMiriii  Ollicts  it:  Atitnta  •  Boston  •  Buflilo  •  Ctiicaio  •  Cincinnati  •  Cleveland  •  Dallas  •  Dayton  •  Detroit  •  Kansas 
City  •  Los  Angeles  •  Montreal  •  New  Orleans  •  New  York  •  Pittsburgh  •  St.  Louis  •  San  Francisco  •  Seattle  •  Toronto 
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work  in  (he  fields  of  the  future  at  NAA 


proximately  3  cu.  in.  0-7B  is  a  p-c 
version  for  plue:-in  card  rack  appli¬ 
cations.  0-8  is  a  subminiature  unit, 
about  a  1  in.  cube,  and  provides  for 
remote  location  of  aligrnment  con¬ 
trols. 
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Redstone 

fiantry 


Phase-Shift  Network 

1 .5  deg  accurate 

Barker  &  Williamson,  Inc.,  Bri.s- 
tol.  Pa.  Model  3.50,  type  2Q4  com¬ 
pact  phase  .shift  network  splits  any 
300  to  3,000  cps  audio  signal  into 
two  equal  amplitude  components 
that  are  90  dejr  out  of  phase  with 
each  other.  Typical  applications  in¬ 
clude  receiving  and  transmitting 
circuits  in  ssb  suppressed  carrier 
radio-telephony.  Unit  is  designed 
to  plug  into  a  standard  octal  .socket, 
and  requires  no  adjustments. 
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Work  on  America  s  most 
advanced  weapon  systems 


Immediate  openings  for  qual¬ 
ified  engineers  to  initiate  and 
evaluate  avionic  equipment 
for  future  manned  aerody¬ 
namic  and  space  vehicles. 

Optimum  Qualifications: 
Analysis  of  Guidance.  Radar, 
Infra-red,  Control,  and  Com¬ 
munications  equipment  to  de¬ 
termine  jjerformance  and  size. 

Minimum  Qualifications: 
Experience  in  at  least  one  of 
these  fields,  plus  a  degree  in 
electronics,  physics,  or  mathe¬ 
matics. 


■  Wmi  tons  of  steel  gantry  tower  for 
jf^^edslone  Missile  are  raised  into 
potion  at  White  Sands,  New  Mexico, 
parallel  sections  must  move  at 
same  speed  and  at  the  same  exact 


j^pKle.To  eliminate  the  possibility  that 
«trt  differences  between  the  two  sec¬ 
tions  might  effect  the  precise  move- 
r  ment  of  the  tower  to  its  vertical  posi¬ 
tion,  Yuba  was  commissioned  to  de¬ 
velop  and  build  the  required  instru¬ 
mentation  into  the  tower  control.  This 
type  of  instrumentation  is  typical  of 
Yuba's  contributions  in  the  missile 
field.  Whatever  your  need,  Yuba  has 
the  capabilities  and  facilities  to  pro¬ 
duce  to  your  strict  specification— with 
minimum  lead  time. 


Digital  Encoder 
solid  state 

Missile  Electronics  Engineering 
Co.,  14644  Keswick  St.,  Van  Nuys, 
Calif.  Digital  encoder  provides 
parallel  to  series  digital  informa¬ 
tion  for  input  to  .strip  chart  record¬ 
ers  or  other  airborne  recording  de¬ 
vices.  System  consists  of  six  front 
panel  .switches  calibrated  0  through 
9  each.  Any  series  of  numbers  may 
be  selected  by  front  panel  switching 
and  the  output  displayed  in  digital 
form  to  any  recording  device.  Basic 


For  more  information  please 
write  to:  Mr.  F.  K.  Steven.son, 
Engineering  Personnel.  North 
American  Aviation,  Inc.,  Los 
Angeles  4.5,  California. 


DALMOTOW  DIVISION 

1375  Cloy  Street 
Santo  Clara,  California 


NORTH  Yb 
AMERICAN 
AVIATION,  INC 
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timing  markers  are  variable  from 
millisec  to  30  sec  in  duration.  Size 
is  2A  in.  by  5  in.  by  3i  in.  Price  is 


CIRCLE  223  ON  READER  SERVICE  CARD 


At  Raytheon,  successful  design  and  de¬ 
velopment  of  advanced  mLssile  weafwns 
systems  are  the  result  of  a  closely  knit 
team  effort .  .  .  the  combined  contributions 
of  many  engineering  minds.  And  at 
Raytheon,  Missile  Engineers  enjoy  the 
exceptional  rewards  and  advantages  of¬ 
fered  by  its  largest  and  fastest  growing 
division. 

Location:  Bedford,  Mass.  Suburban 
New  England  living . . .  only  minutes  from 
Boston’s  unexcelled  educational  opi>or- 
tunities.  Relocation  allowance.  Pick  your 
8|K)t  on  the  Raytheon  team.  Immediate 
openings  for  Junior  and  Senior  Engineers 
with  missile  experience  in  the  following 
areas: 


Spectrum  Analyzers 
two  new  models 

Raytheon  Co.,  520  Winter  St., 
Waltham  54,  Mass.  New  Rayspan 
spectrum  analyzers  use  100  filters 
to  analyze  signals.  Models  MRFR- 
30-5  and  -6  can  detect  transient 
responses  frequently  missed  by 
conventional  sweeping-gate-type  an¬ 
alyzers.  Applications  include  vibra¬ 
tion  analysis,  acou.stic  .studies,  in- 
du.strial  noise  reduction,  complex 
waveform  analysis,  tube  micro¬ 
phonics  and  telemetered  data  analy¬ 
sis.  Price:  $4,500  and  $4,950  re¬ 
spectively. 
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MICROWAVE  DESIGN 
(Component  and  Antenna) 

AERODYNAMICS 
COMMUNICATIONS  SYSTEMS 
DIGITAL  PROGRAMMING 
GUIDANCE  SYSTEMS 
RADOME  DESIGN 
COMPUTER  SYSTEMS 
HEAT  TRANSFER 
RADAR  SYSTEMS 
OPERATIONS  ANALYSIS 
INERTIAL  REFERENCE  SYSTEMS 
FEED-BACK  CONTROL 
AUTO-PILOT 
GROUND  SUPPORT 
ELECTRONIC  PACKAGING 
TEST  EQUIPMENT  DESIGN 

ELECTROMECHANICAL 

ENGINEERING 

(Background  in  missile  control  and 
auto-pilot  design) 

MECHANICAL  ENGINEERING 
(Background  in  ground  handling  of 
large  missile  systems) 

MICROWAVE  TUBE  DESIGN 


Wire  Wrapper 
subminiature 


Please  send  resume  to  Mr.  W.  F.  O’Melia, 
Employment  Manager,  Raytheon  Com¬ 
pany,  Bedford,  Massachusetts,  or  call  col¬ 
lect:  CRestview  4-7100,  Extension  2138. 


Winkler  Laboratories,  5225  N. 
20th  St.,  Phoenix,  Ariz.  Tool  makes 
secure  connections  to  subminiature 
and  transi.stor  sockets.  It  will  ac¬ 
commodate  all  wire  sizes  compatible 
with  subminiature  terminal  size 
and  spacings  including  No.  26  Awg 
and  smaller. 
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Delay  Network 
good  attenuation 

Ratigan  Electronics  Inc.,  425  W. 
Cypress  St.,  Glendale  4,  Calif.  The 
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Build  STAMINA 
-Into  Your  Circuits  - 

2415  2168 


2167  2405 

SHOWN  ACTUAL  SIZE 


Cambion®  Teflon-insulated  terminals  and  diode  clips  offer  a 
wide  choice  of  quality-guaranteed  components  designed  to 
withstand  the  shock  and  vibration  of  today’s  toughest  operat¬ 
ing  and  service  requirements.  Uniquely  fastened  Teflon  sec¬ 
tions  provide  positive,  press-type  mountings  as  well  as  superior 
insulation.  Spring-loaded  diode  clips  for  wire  diameters  up  to 
.085'  and  ferrule  contact  types  for  pins  up  to  .085'  diameter 
assure  tight,  troublefree  connections.  Terminals  and  clips  brass 
per  QQ-B-626a  hard.  Terminals  silver  plated,  clips  bright 
alloy  plated  unless  otherwise  specified.  Get  complete  informa¬ 
tion.  Write  Cambridge  Thermionic  Corporation,  437  Concord 
Avenue,  Cambridge  38,  Massachusetts. 
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LOWER  COST 

MAGNETIC  SHIELDING 

Co-Netic  &  Netic  Foils  Permit  Max.  Miniaturization, 

Improved  Performance  . . .  Extremely  Versatile— 

Readily  Cut  to  Any  Shape,  Wrap  Like  Tape 


How  Co-Netic  &  Netic  foils  lower 
your  magnetic  shielding  costs:  1) 
You  use  less  shielding  material  be¬ 
cause  (a)  foils  are  only  .004'  thick 
and  tb)  foils  cut  easily  to  exact  shape 
required,  minimizing  waste.  2)  Per¬ 
mit  simple  shielding  of  odd  shapes 
and  hard-to-get-at  components,  sav¬ 
ing  valuable  time  and  eliminating 
tooling  costs  and  inflexibility  of  rigid 
metals.  These  advantages  make  pos¬ 
sible  much  smaller  and  less  costly 
systems,  as  components  may  be 
positioned  in  close  proximity  without 
interference  from  damaging  magne¬ 
tic  fields. 


These  foils  are  non-shock  sensitive,  non-retentive,  require 
no  periodic  annealing.  They  effectively  shield  electrostatic  and 
magnetic  fields  over  a  wide  range  of  intensities.  Both  foils 
available  from  stock  in  any  desired  length  in  various  widths. 

Co-Netic  &  Netic  foils  are  successfully  solving  many  types 
of  magnetic  shielding  problems  in  numerous  critical  satellite, 
missile,  magnetic  tape  and  other  military,  airborne,  electronic 
and  laboratory  applications.  These  foils  can  help  you  solve 
your  magnetic  shielding  problems. 


...  in  panel  design 


Only  COLOR-LITES  permit  the  design  of 
compact,  low  cost  panels.  Their  small  size 
and  clean,  neat  appearance  assist  in  the 
design  of  more  functional  indicator  panels 
for  test  equipment,  production  machinery, 
missile  test  stands  and  aircraft. 

Design  your  next  panel  with  COLOR-LITE 
subminiature  indicator  lights  in  mind.  For 
unusually  high  quality,  easy  to  install  panel 
indicator  lights,  always  specify  COLOR-LITE 

Writ*  for  COLOR-LITE  Catalog  A-S8. 


MAGNETIC  SHIELD  DIVISION  PERFECTION  MICA  CO. 

1322  No.  Elston  .Vvenue  •  Chicago  22,  Illinois 

Oriflinators  Permanently  f'.jffectiie  \etic  Co-\etic  Mafinetic  Shielding 


1 


THE  SLOAN  CO. 

4029  Burbank  Blvd. 
Burbank,  California 
Victoria  9-4667 
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On«  tiny  glow  lamp  made  by  Signalite  Incorporated 
now  replaces  a  standard  electron  tube.  The  secret:  a 
fill  gos  Linde  technicians  created  from  rare  gases  — 
neon,  argon,  krypton,  and  radioactive  krypton  85  — 
allowing  Signalite's  new  manufacturing  techniques  to 
be  put  on  a  production  line  basis.  Linde  gases  oided 
in  increasing  current  from  0.3  to  20  milliamperes  — in 
light  or  total  darkness— a  change  that  would  otherwise 
require  a  40-fold  increase  in  size.  Best  of  all,  the  cost 
went  from  $3.00  to  $.17  per  lamp. 

Uses  for  these  lamps  include  submmiature  voltage 
regulating  tubes,  switching  devices,  lightnirrg  arrestors, 
electronic  power  supplies,  protective  devices  on  ex¬ 
plosive  equipment,  and  bright  pilot  lights.  Your  own 
products  might  similarly  benefit  from  Linde's  technical 
service  and  experience  in  rare  gases.  For  data  on  the 
physical  and  electrical  properties  of  these  materials, 
write  Dept.  BD,  Linde  {Company,  Division  of  Union 
Carbide  Corporation,  30  East  42nd  Street,  New  York 
17,  N.Y.  In  Canada;  Linde  Company,  Division  of  Union 
Carbide  Canada  Limited.  ' 


UNION 
i  CARBIDE 


Symbof  of  Highest  Purity 


lINDE  and  UNION  CARBIDE  ore  registered  trade  marks  of  Union  Corbtde  Corporatidn. 


Relay 

telephone  type 

Potter  &  Brumfield,  Inc.,  Prince¬ 
ton,  Ind.  LS  relay  with  stainless 
steel  hinge  pin  and  riveted  contact 
pusher  pins  can  carry  10  milliam- 
peres  over  160  million  operations. 
Can  be  equipped  with  up  to  20  con¬ 
tact  springs.  Standard  sensitvity 
is  65  mw  per  movable  arm  and  35 
mw  per  movable  arm  can  be  sup¬ 
plied.  Bifurcated  contacts  are  rated 
at  4  amperes,  115  v,  60  cycles  for 
resistive  loads. 
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C-R  Tubes 
expanded  line 


CBS  Electronics,  Inc.,  lOO  Endi- 
cott  St..  Danvers,  Mass.  Line  of  12 
new  ultra-resolution  crt’s  in  four 
resolution  levels,  up  to  2,000  lines 
per  in.;  three  screen  sizes  and  three 


LD228  delay  network  operates  at 
extreme  altitudes  of  MIL-E-5272 
and  MIL-STD-202A.  Time  delay, 
75  ^sec  :i;5  /i.sec ;  taps  at  38  /xsec 
r:3  /isec,  and  47  fisec  ±3  /zsec;  net¬ 
work  impedance,  330  ohms;  input 
ri.se  time,  1  ^.sec,  output  rise  time, 
4  /isec  maximum;  attenuation,  3.5 
db  maximum ;  distortion,  15  percent 
maximum  distortion;  size  7  by  4 
by  1.3  in.;  mounting,  4-8x32  .screws. 
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screen  phosphor  characteristics ;  ad¬ 
vanced  applications  in  strip  radar, 
photo  reconnaissance,  visual  indica¬ 
tion,  closed  circuit  tv,  and  remote 
data  pickup.  The  tubes  are  rugged, 
dependable  and  can  be  supplied  with 
interchangeable  yoke,  focus  coil, 
and  video  driver  stage  to  provide 
maximum  re.solution. 
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Enclosed  Motor 
explosion  proof 

Western  Gear  Core.,  i:52  W.  Col¬ 
orado  St.,  Pasadena,  Calif.,  an¬ 
nounces  a  totally  enclosed  explo.sion 
proof  motor  designed  for  200/115 
a-c,  400  cps,  ;{  pha.se  operation.  It 
is  rated  at  i  h-p  at  4,500  rpm  ii:5 
percent.  Motor  operates  at  75  per¬ 
cent  efficiency,  recjuires  4.5  amperes. 
It  has  a  minimum  of  1,000  hr  life 
and  incorporates  permanently  lu¬ 
bricated  shielded  ball  bearings  with 
corrosion  resistant  shaft.  It  meas¬ 
ures  6.5  in.  long  by  413  in.  diam¬ 
eter. 
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Get  the  greater  utility  and  versatility  built  into  these  KINNEY 
PW  Series  High  Vacuum  Pumping  Systems  which  users  call 
"the  workhorse  of  the  modern  laboratory."  These  units  will 
evacuate  altitude  chambers,  tanks,  furnaces,  ovens,  tubes,  bell 
jars  or  other  laboratory  equipment,  attaining  pressures  in  the 
order  of  5  x  10  *  mm  Hg  without  coolant  in  the  cold  trap  and 
substantially  lower  when  coolant  is  used.  These  units  are 
mounted  on  casters  so  that  they  can  be  moved  readily  to  serve 
a  variety  of  facilities,  especially  those  which  are  fixed  installa¬ 
tions.  A  unique  and  exclusive  High  Vacuum  Valve  design  en¬ 
ables  the  operator  to  rotate  the  Valve  and  position  the  suction 
connection  horizontally,  vertically,  or  at  any  angle  in  between. 
Thus,  it  is  possible  with  a  base  plate  assembly  to  quickly  con¬ 
vert  to  an  Evaporator. 

Bring  your  file  of  new  developments  in 
g  '  \  High  Vacuum  uF)-to-date.  Write  today. 


\  SS**!*  WHSMIMGTOM  STRtll  .  BOSTON  30  •  MASS  K2^' 

\  \  Please  send  me  Bulletin  4000. 1  Q  I  am  also  in- 

\  terested  in  Mechanical  Pumps  □  Oil  Diffusion 

U  Pumps  Q  Vacuum  Furnaces  Q  Evaporators  Q 

Bulletin  4000.1  fully  da-  Name - - 

Kribing  tha  KINNEY  PW  Company _ _ 

tamt  It  yourt  ERIE.  Moil  - 

tha  coupon  tedoy.  City _ Zone _ State 


Bistable  Amplifier 
highly  sensitive 

Westinghouse  Electric  Core., 
256  Collins  Ave.,  Pittsburgh  6,  Pa. 
Bistable  amplifier  for  general  use 
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New  Working  Aids 
from  McGraw-Hill 


ELECTRONIC  COMPONENTS  HANDBOOK,  Vol.  Ill 


JiiHt  I'lilillHhrd — <:hM«  (IcxlKruTH  of  military 
anil  commi*rclal  elt-i'lronic  Kiiilirnii'iit  In¬ 
formation  they  nped  to  wlect  anil  UMe  com- 
imiifiitH  whii'li  |«-rform  with  maximum 
ri-Ilalilllty,  I’rovliU'B  data  on  transformer» 
anil  Inilurlorn,  ronnoi’tora.  wire  anil  cahla. 
Ii-rminals,  tuhe  Klilelila,  harilwaro,  anil  other 
l•omI>llnentH.  While  emiihaHls  In  on  tyi>es 
for  which  military  speclflcatlonfi  are  avall- 
ahle,  other  types  also  are  Includeil.  Military 
siieclflcatlons  are  clearly  summarised.  Kd- 
lled  liy  Keith  lleiinr.v,  lliirr.r  Mileiif,  and 
CriilK  WiiIkIi,  Tecliiiiral  M  rilinic  Ser»  Ire. 
Mctini w-llill  Hook  Co.  Kleciroiilr  ('oiii|io- 
nents  l.iihoratory,  Wriaht  .\ir  Hevrioiinient 
Center.  ISO  |i|t.,  H)  \  11.  I.tff  Ulus.  Kin. 00 


Also  see  the  Klectroiile  Coiiipoiieiils  lliiiid- 
book  I.iliriiry.  comliininn  Volumes  1.  II.  and 
III  to  form  a  i-omplete.  authoritatlye  source 
of  working  Information  for  the  electronics 
desifrner.  In  addition  to  the  components 
covered  In  Volume  III.  the  l.ilirary  Rives 
you  ready  reference  to  resistors,  capacitors, 
relays,  switches,  power  sources  and  con¬ 
verters.  fuses  and  circuit  breakers,  instru¬ 
ments.  choppers,  transmission  lines  and 
waveRuides,  and  other  topics.  Kusy  terms 
eniihle  yon  to  use  the  I.Ihriir.v  while  pa.\inK 
for  It — oiil.v  vs. .Ml  In  til  days  anil  V.t.lMI  a 
month  until  the  l.lbrar.v  price  of  V:<l..’>ll  Is 
paid. 


TWO-WAY  RADIO 

Just  l‘nldished — Complete  Ruide  to  two-way 
radio — from  Its  practical  uses  to  technical 
Information  on  both  .\M  and  FM  transmit¬ 
ters  and  receivers,  circuits,  seleidive  callinR 
methods,  antennas,  jxiwer  supplies.  Inst.alla- 
tion.  and  servIcInR.  Covers  dlRital  pul.«e 
codes,  power  sources,  transmitter  tuninR, 
phase-shift  modulators,  sidit-channel  opera¬ 
tion,  and  other  topics,  llescribes  such  re¬ 
cent  developments  as  synchronous  AM  and 
sInRie  sideband  Hy  .\.  I.ytel.  .\»eo  Mfx. 
Co.,  Crosley  IIU .  HIM  pp.,  !H:I  Ulus.,  fib.MI 


MODERN  NETWORK  ANALYSIS 

Just  I’uhllshed-  -.c>ivea  you  a  workinR  knowl- 
edRe  of  the  Reneral  properties  of  networks. 
Covers  network  concepts,  relation  between 
the  steaily  state  and  transient  response 
characteristics,  respon.se  of  networks  to 
sinRularity  functions,  the  system  function, 
and  other  topics.  Clearly  discusses  such 
aspei-ts  as  network  stability,  natural  modes, 
and  specific  properties  of  networks  contain- 
InR  elements  of  onl.v  two  tyjies.  Hy  K.  M. 
Kezu,  S.vriieuse  I  niv.,  and  S.  Seel.> ,  Case 
Inst,  of  Tech.  4110  pp..  Ulus..  VIO.IMI 


DIGITAL  AND  SAMPLED  DATA 
CONTROL  SYSTEMS 


INSTRUMENTATION  IN 
SCIENTIFIC  RESEARCH 


Just  rnbllshed — Cuide  to  analysis  anil  de- 
slRn  of  dlRital  and  sampled-data  control 
systems — for  soIvinR  problems  In  such  fields 
as  process  control  and  electronic  computers. 
Covers  theory  of  sampIlnR  and  quantizinR. 
z-transform  analysis,  an.aloR  dlRltal  con¬ 
version,  and  related  topics.  I^atest  develop¬ 
ments  are  clearly  discussed,  IncludinR  sys¬ 
tems  with  finite  sampllnR  duration  and 
those  with  non-synchronized  samplers.  Hy 
J.  T.  Toll,  I'liriliie  I'nii,  n:il  pp.,  400  Ulus., 
» 1 .4.00 


Elsctricol  Input  Tran>duc«r« 

Just  CiihllNhed — .\  complete  collection  of 
basic  methods  and  systems  used  as  input 
tran.sducers  in  electrical  instrumentation. 
Virtually  all  transducers  for  mechanical, 
thermal.  maRnetlc  and  electrical  quantities, 
and  optical  and  nuclear  radiation  are  cov¬ 
ered.  For  each  tran.sducer  the  Isiok  de¬ 
scribes  physical  mechanisms,  relationships 
between  input  and  output,  applications  and 
limitations,  errors,  resjionse  to  environ¬ 
mental  influences,  and  other  aspects.  H.v 
K.  S.  I, inn.  Muss.  Inst,  of  Tech.  ZIO  pp., 
•97  Ulus.,  V9..40 


DIGITAL  COMPUTING  SYSTEMS 

Just  I’libllsheil  —  Full  coveraRe  of  dlRital 
computiiiR  systems:  principles,  desiRn,  op¬ 
eration.  and  applications.  Describes  the  ele¬ 
ments  In  moilern  computers,  explaininR 
underlyinR  principles  of  the  deviies  used 
and  lllustratinR  the  devices  themselves.  The 
circuitry  by  which  the  elements  perform 
desired  functions  is  clearly  4-overed,  with 
examples  of  typical  circuits.  Ia>Rical  desiRn 
and  proRramminR  are  iliscussed.  and  how 
computers  .solve  scientific,  business,  and 
data  handlini;  problems  is  shown.  Hy  S.  H. 
WlllliiniH.  t'oiiKiiltHiil  Itept.  of  Hefeiise.  2:<l 
pp..  Ills  llliiN.,  V7.7.4 


SUCCESSFUL  TECHNICAL 
WRITING 

Articist,  Popers,  Ruperts,  Instruction  end 
Training  Manuels,  and  Books 
Just  I'ublished — .‘'tep-by-step  methoils  to 
RUide  you  in  any  technir'al,  enRineerinR,  or 
scientific  writinR  job.  Shows  where  to  look 
for  ideas,  how  to  evalu.ate  them,  build  an 
outline,  write  up  the  iilea,  and  work  with 
editors  and  publishers  to  Ret  Into  print. 
I4.S’  T.  tf.  Hicks,  iiiithur.  editur.  eiiKtneer, 
liislructur  ut  t'onper  I  nlun.  2)17  pp.,  :«l 
illus.,  «.4..>ll 


MAIL  COUPON  FOR  10-DAY  FREE  EXAMINATION 


I - 

I  McGraw-Hill  Book  Co.,  Dept.  1-9-11,  327  W.  41»t  St.,  N.Y.C.  34 

I  Smil  me  iMMikui  eheeke^l  I>el4iw  for  1«  examination  on  approval.  In  10  fla\s  I  will  remit  f4»r  iMMiklxl 

I  k«*ep  phis  tew  (vnts  for  ileltxer>-  costs,  ami  return  unuante<i  ImniKin)  postpaid  iWe  pav  dellverv  e»»sts  it 
I  >4»ti  remit  with  thix  eoupoii  sanie  retiini  pihileae.  i 

I  □  llennev.  el  al  Electronic  Componentt  (PRINT) 

1  Handbook.  Vol.  Ill,  fiO.nti  Name  . 


□  iU  ■nn«‘N.  et  al  Electronic  Component! 

Handbook  Library. 

□  L>te)->  Two-way  Radio.  lO.r.O 

D  Ih'za  &  K«‘eiy^  Modern  Network  Analytit.  110.00 

□  Toil  -  Digitat  and  Sampled-data  Cont.  Syt., 

lir».oo 


Addresa 


CUty 


ZoQe. . . .  State.  . . . 


I  □  Linn- Initrumentation  in  Scien.  Ret..  Company 

I  □  WtlllamH  Digital  Computing  Syttemi.  17.75 
I  Q  Hicka^Succeii.  Tech.  '.Vriting,  1.5.50  INwition  . 


I  For  price  and  terms  outside  U.  8.,  write  McGraw-Hill  Int'l..  N.Y.C.  L-IO-16 

_ _  _  _  _  _  _  _  _  _  _  _ 


I 

I 


I ! 
1 1 
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as  a  sensitive  static  relay  is  partic¬ 
ularly  applicable  to  indicatingr  and 
reRulatinjr  systems.  Operating 
from  a  low-level  sensing  element, 
it  will  drive  a  power  amplifier  stage 
to  serve  as  a  low-cost  regulating 
system.  It  can  be  used  in  both  pro¬ 
portional  and  on-off  sy.stems.  Static- 
elements  are  used  exclusively. 
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Slip  Ring  Assembly 
high  voltage 

Genisco,  Inc.,  2233  Federal  Ave., 
Los  Angeles  64,  Calif.  The  21  kv 
■slip  ring  assembly  has  12  slip  rings 
and  brushes  which  carry  50  ma  cur¬ 
rent  at  voltages  up  to  21,000  v,  ring 
to  ring  and  ring  to  ground.  Rings 
and  terminals  are  proportioned  to 
prevent  corona.  Terminals  also 
serve  as  controlled  air  gaps  which 
breakdown  around  28  kv,  protecting 
insulation  surfaces  from  flashover 
due  to  excess  voltage. 
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Plug  &  Receptacle 
multiple  circuit 

Molex  Products  Co.,  9515  South- 
view  Ave.,  Brookfield,  Ill.  Low  cost 
plug  and  receptacle  features  up  to 
60  circuit  combinations.  Terminals 
are  automatically  crimped  to  wires 
and  securely  snap-lock  into  male 
and  female  units.  They  are  easily 
removed  with  a  simple  ejector  tool. 
A  skirt  on  the  plug  serves  as  both 
terminal  protector  and  positive  po¬ 


lls 
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BENDIX-PACIFIC  NEEDS  SYSTEMS 

\  AND  CIRCUIT  DESIGNERS  FOR 


advanced 

submarine 

detection 

systems 


Unusual  Creativt  Opportunities  for 

•  Electronic  engineers  with  a  well  rounded 
background  to  parlicipa^  in  a  unique  research 
and  development  progf^v 

•  Quql^ied  mechanical  design  en^WIL^Iud* 

ing’l^imctural  thermo-dynamicists  in  tmll^l- 
lengiRgpnew  field,  ' '  ""V' 

I  1 

SEND  RESUME  OE  YOUR  QUAlNMUOHI  TO  MR.  WAlKFt  ifWOM  OP  MWQIK  COMfOtATION  ^ 


>  HOil>VWOOO.  CAlirOIINIA 


NEW 


INDICATOR 


Superior  ToAII  Other  Types  Of  On-Off  Indicators 

•  Low  power  consumption  —  as  low  as  50  mw. 

•  Low  heat  dissipation 

•  No  bulbs  to  burn  out 

•  Operates  any  voltage,  any  frequency — D.C.  or 
A.C.  without  rectification  with  appropriate  coil 

•  Light-weight 

•  Operates  under  high  ambient  temperatures 

•  Hermetically  sealed  units  available 

•  High  shock  and  vibration  resistant 

•  Jewelled  bearings 

Send  for  catalog  material 

on  Indicator  or  complete  rotary  solenoid  line 


LEETRONKS,  INC.,  30  Main  Street,  Brooklyn  1,  N.Y. 
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RESEARCH  ASSI6NMENTS  FOR 
SENIOR  MEMBERS  OF  THE  TECHNICAL  STAFF 
AT  CENTRAL  RESEARCH  LABORATORY 


Texas  Instruments 

INCORPORATED 

Permanent  openings  in  the  Central  Research  Laboratory— Texas  Instruments 
research  center— present  challenging  opportunities  for  Scientists  and 
Engineers  to  expand  their  professional  potential  in  stimulating  growth 
assignments.  Here,  in  Central  Research  Laboratory,  you  will  enjoy  freedom 
of  scientific  and  professional  expression  while  working  for  a  company  noted 
for  unusually  generous  personnel  benefits,  including  profit  sharing  (in 
1958,  15%  of  base  salary). 

COMPUTING  SYSTEMS  DESIGN-Responsible  for  systems  and  logic 
design  of  special  purpose  real  time  computing  systems.  Should  be  capable 
of  deriving  an  optimum  computing  system  configuration,  given  a  class  of 
problems  to  be  solved.  Educational  requirements :  MS  or  PhD  in  EE  or  Physics. 
DIGITAL  CIRCUITS- Responsible  for  circuit  analysis,  design  and  the 
development  of  special  purpose  real  time  computing  systems.  A  considerable 
portion  of  the  circuit  work  will  involve  the  application  of  new  computer 
devices.  Educational  requirements:  MS  or  PhD  in  EE  or  Physics. 

DATA  TRANSMISSIDN  SYSTEMS-Responsible  for  the  design  and 
development  of  long-range,  high  capacity  digital  data  transmission  systems. 
A  familiarity  with  information  theory,  including  optimal  encoding  and 
decoding  schemes  (or  reliable  transmission  in  the  presence  of  noise  is 
desirable.  Educational  requirements:  MS  or  PhD  in  EE  or  Physics. 

To  learn  more  about  how  you  can  join  this  fast-growing  company  in  one  of 
these  exceptional  career  opportunities,  please  write: 

LEIGH  WATSON,  Dept.  2909 

CENTRAL  RESEARCH  LABDRATDRY 

Texas  Instruments 

INCORPORATED 

BOX  1079  .  DALLAS,  TEXAS 
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10  KC  100  KC  1  MC  10  PVIC  100  MC  1  KIMC  10  KMC 

fRlQUlNCV 


Ch«r«cterisltc  Attenuation 

Mra&ured  Pec  MU.  STD  220 


larity.  Snap  clips  permit  quick, 
easy  mounting  and  removal  for 
panel  installations.  A  unit  for  15 
circuits  measures  only  lA  in.  long 
and  3  in.  wide. 
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R.  F. 

FILTERS 

FOR 

SCREEN 

ROOMS 


Model  LP-200 

POWER  LINE  FILTER 


Thi-s  low-pass  Antran  unit  filters  out  the  interference  conducted  by 
power  lines  entering  the  screen  room.  Attenuation  is  as  good  as  that 
of  the  screen  enclosure,  or  better— you  get  a  room  free  from  interfer¬ 
ence  when  using  this  unit. 

Filter  is  rated  at  50  amps  — enough  for  almost  any  current  requirement. 
Voltage  rating  is  2.50V'—  0  to  60  cycles.  One  filter  is  used  for  each 
incoming  wire. 

Rugged  construction  — unit  is  built  to  withstand  continuous  operation. 
Case  is  heavy  gage  steel,  hot  tin  dipped.  Terminals  are  shielded  and 
enclosed,  \v  th  removable  access  plates,  and  knockouts  on  three  sides. 

Delivery  fro,  n  stock.  Send  for  complete  data. 


Battery  Tester 
and  charger 

Christie  Electric  Corp.,  3410  W. 
67th  St.,  Los  Angeles  43,  Calif. 
Type  BC24-25T  automatic  tester 
and  charger  for  24  v  aircraft  bat¬ 
teries  of  the  lead-acid  or  nickel 
cadmium  types.  Charging  is  pre- 
ci.se  despite  variations  in  a-c  line 
within  range,  battery  initial  state 
of  charge  or  temperature.  Voltage 
regulation  is  accomplished  through 
magnetic  amplifier  control.  Meets 
military  standards. 
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Model  LP-201 

TELEPHONE  LINE 
FILTER 


Encapsulation  Cups 
meet  MIL  specs 

Electronic  Production  &  Devel¬ 
opment,  Inc.,  138  Nevada  St.,  El 
Seglindo,  Calif.  Line  of  encapsula¬ 
tion  cups  meet  environmental  re¬ 
quirements  of  airborne  electronic 
systems.  Fit  standard  cores  and 
laminations,  are  light  weight. 
Headers,  gla.s.s-seal  feed-throughs 
and  potting  molds  are  not  required. 
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Insulating  Material 
glass-Teflon 

Rogers  Corp.,  Rogers,  Conn.  Du- 
roid  5870  glass-Teflon  insulating 
material  in  copper  clad  sheet,  and 


—  enables  you  to  use  telephones,  intercoms,  or  other  audio  erjuipment 
in  the  screen  room.  A  balanced  unit,  it  can  be  employed  for  any  audio 
purpose.  The  6()()-ohm  impedance  matches  that  of  the  telephone  line. 
Unit  has  a  telephone  connector  block  for  wiring  to  'phone  lines.  Size; 
83»"  long  X  25"  .sejnare.  Delivery  from  stiak. 

Other  screen  room  filters.  Antran  manufaetures  a  \\  ide  variety.  Send  us 
your  re(|nirements. 


1  Mt  10  MC 
rREQUtNCr 


100  MC  1000  MC 


J  — a  division  of 

International  Electronics  Manufacturing  Company 


2nd  Street  Extended, 
Greenwood  Acres, 
Annapolis,  Md. 
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in 


as  rod,  tubes  and  flat  sheets.  Micro¬ 
glass  fibers  coated  with  Teflon,  de¬ 
veloped  primarily  as  high  tempera¬ 
ture  circuit  base  stock,  missile 
antenna  dielectric  and  microw’ave 
.strip  insulation. 
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Generator 
pulse  pattern  type 

La  Roe  Instruments,  Inc.,  1709B 
E.  Montgomery  Ave.,  Rockville, 
Md.  Model  110  te.st  set  provides 
simulated  and  flexible  time  division 
pulse  pattern.  It  features  1-100 
pulses  in  any  desired  pattern,  2'“ 
possible  combinations;  pulse  se¬ 
quence  controlled  from  front  panel; 
up  to  ±30  percent  pul.se  width  bias; 
pul.se  rate  continuou.sly  variable 
from  100  pps  to  10,000  pps  from  in¬ 
ternal  oscillator. 
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Amplifiers 
negative  resistance 

Motorola  Inc.,  Military  Elec¬ 
tronics  Division,  8201  E.  McDowell 
Rd.,  Phoenix,  Ariz.  Parametric  am¬ 
plifiers  for  220  me  and  450  me  fea¬ 
ture  low  noise  figure  and  pump 
power.  The  220  me  unit  gain  is  13 
db;  bandwidth,  500  kc;  noi.se  fig¬ 
ure,  approximately  1.5  db;  pump 
power,  100  /iW  at  800  me.  The  450 
me  gain  is  11  db;  bandwidth,  900 
kc;  noise  figure,  less  than  2  db; 
pump  power,  4  mw  at  1,300  me. 
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Servo  Motors 
size  18 

American  Electronics,  Inc.,  1025 
W.  Seventh  St.,  Los  Angeles  17, 
Calif.  Size  18  .servo  motors  meeting 
new  high  temperature  specification 
of  Navy  Bureau  of  Ordnance,  for 
continuous  operation  up  to  250  C 
in  shipboard  Terrier  and  Tarter 


ih.  BIG  JOBS 


go  to  Frenchtowii 

Speaking  of  firsts  . . .  here  are  some  of  the  largest  high  alumina 
ceramic  parts  ever  produced!  The  planning  and  execution  of 
this  critical  assignment  is  representative  of  our  ability  to  resolve 
the  most  difficult  and  demanding  ceramic  problems,  and  to 
manufacture  the  ceramics  to  satisfy  specific  requirements. 

We  specialize  in  high  alumina  ceramics,  metallized  ceramics, 
ceramics-to-metal  seals,  superior  wear  resistant  ceramics,  and 
“tailor-made”  body  compositions. 

The  next  time  you  are  faced  with  a  problem  involving  ceram¬ 
ics,  large  or  small,  get  in  touch  with  us.  We  will  be  glad  to 
survey  your  requirement  and  recommend  the  most  practical 
and  economical  solution. 

Literature  is  available  on  Frenchtown  materials  and  products. 
Copies,  containing  a  wealth  of  engineering  data,  will  be  sent 
upon  request.  Write  today. 

PORCELAIN  COMPANY 

FRENCHTOWN.  NEW  JERSEY 
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Circuit* 


Up-to-date  information  and  new  working  aids 
I— in  these  recent  McGraw-Hill  books 


missile  system  computers.  Ratings 
are :  no-load  speed,  3,000  rpm ;  stall 
torque,  2.5  in.  oz  per  minute; 
weight,  14  oz;  power  input,  12.5 
w.  Acceleration  at  stall  is  twice 
normal  rate  of  servo  motors  of  the 
same  frame  size. 

CIRCLE  238  ON  READER  SERVICE  CARD 


MODERN  TRANSISTOR  CIRCUITS 


Ji'ST  PUBLISHED — Quick  help  when  desiffnins  equipment  and 
devices  in  which  transistors  play  a  part.  This  liook  presents  almost 
200  mrxlern  transistor  circuits  in  101  separate  articles — with  all  the 
necessary  design  information  and  electronic  component  values  required 
to  titilixe  them  in  your  own  circuit  designs.  Circuits  and  data  are  given 
for  such  applications  as  amplifiers,  oscillators,  i>ower  supplies,  and  pulse 
circuits;  home-entertainment  and  broadcast  equipment;  audio  and  r-f 
communications  circuits;  missile,  aircraft,  and  satellite  telemetering 
equipment;  test  instruments;  and  industrial,  .scientific,  and  medical 
devices.  Emphasis  is  upon  new  circuits  combining  transistors  and  elec¬ 
tron  tul>es  and  transistors  and  magnetic  amplifiers.  All  the  material  is 
arranged  so  that  you  can  put  it  to  work  almost  immediately  to  design 
similar  equipment.  By  JOtiN  M.  CARROLL,  Managing  Editor,  Elec- 
Ironies,  296  pp..  Ulus.,  $8.50 


Resistors 

encapsulated 

Kelvin  Electric  Co.,  5907  Noble 
Ave.,  Van  Nuys,  Calif.  Series  EP 
encapsulated  precision  wirewound 
resistors  have  mounting  designed 
for  quick  interchangeability  on 
computer  boards  or  where  rapid 
change  of  resistance  values  is  re¬ 
quired.  Maximum  resistance,  to  25 
meg;  0.5  w  to  2.5  w;  400  to  1,200 
V  max.;  temperature  coefficient,  ±. 
0.002/ deg  C;  tolerance,  to  0.05  per¬ 
cent;  size  range  i  in.  to  1  in.  di¬ 
ameter;  mounting  centers,  1.460  in. 
to  3.085  in. 
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PRINCIPLES  OF 
ANALOG  COMPUTATION 

JUST  PUBLISHED — .\n  advanced,  practical 
treatment  on  how  to  use  the  analoR  computer. 
You  see  how  to  plan  and  proRram  your  problems; 
simulate  linear  systems;  make  use  of  diodes  and 
function  relays  in  computation  circuits:  and 
apply  implicit-function  techniques  and  arbitrary- 
function  Renerators.  Main  emphasis  is  upon  the 
type  of  problem  which  can  lie  solved  and  the 
techniques  which  will  help  you  produce  the  solu¬ 
tion.  By  GFORCF.  W.  SMITH.  Reseurch  Croup 
Engr.,  and  ROGER  C.  WOOD.  Senior  Dynamics 
Engr.,  R\an  Aeronautical  Co.  240  pp.,  192 
Ulus.,  $7.50 


DIGITAL  COMPUTING  SYSTEMS 

JU.'iT  PUBLISHED— ¥m\\  coveraRe  of  digital 
comfuitsng  syRtemfl:  principles,  design,  operation, 
and  applications.  Descrilies  the  varibus  elements 
containefi  in  modern  computers,  explaining  the 
underlying  principles  of  the  devices  used  and 
illustrating  the  devices  themselves.  The  circuitry 
bpr  which  the  elements  are  made  to  perform  de¬ 
sired  functions  is  clearly  covered,  with  many 
examples  of  typical  circuits.  I.x)gica1  design  and 
programming  are  discussed,  and  how  computers 
are  used  to  solve  scientific,  business,  ann  data 
handling  proldems  is  shown.  By  SAMUEL  B, 
WILLIAMS,  Consultant,  Dept,  of  Defense,  213 
pp.,  168  Wus.,  $7.75 


SERVOMECHANISM 

FUNDAMENTALS 

JUST  PUBLISHED — Practical  guide  to  help 
you  efficiently  operate  and  maintain  servo  sys» 
terns.  You  get  a  sound  working  knowledge  of 
servomechanisms  ncedefl  for  effectively  working 
with  many  of  today’s  induMrial  devices.  Explains 
engineering  principles  — using  a  minimum  of 
mathematics.  Shows  the  various  forms  of  control 
systems  and  their  components — electronic  and 
magnetic  amplifiers — ac  and  dc  servomotors — and 
other  important  aspects.  Treats  hydro-amplifier 
systems,  mechanical  gearing  and  pumping  sys- 
terns,  and  measurement  methods.  By  BEN 
ZF.INFS,  /?C.4  Institutes,  Inc.,  254  pp.,  230 
Ulus.,  $5.50 


TRANSISTORS  IN  RADIO, 
TELEVISION,  AND  ELECTRONICS 

JUST  PUBLISHED— SECOND  EDITION  :  To 
give  you  practical  know  how  for  modern  manu¬ 
facturing  and  application  jobs,  and  servicing 
work,  this  bot4c  gives  a  simplified  summing  up  of 
facts  alxnit  transistors  and  transi^itor  circuits — 
how  they  are  designed  and  work,  and  their  use 
and  maintenance.  Ranges  from  a  complete  ex¬ 
planation  <ii  the  basic  theory  upon  which  the 
transistor  works  to  valuable  information  on  tran¬ 
sistor  servicing.  By  MILTON  S.  KIVER, 
author  of  F.M  Simplified,  Television  Simplified, 
and  other  standard  books.  Second  Edition.  423 
pp.,  337  i7/mj.,  $7.95 


SEMICONDUCTORS 
AND  TRANSISTORS 

PUBLISHED — Broad,  practical,  and  es¬ 
sential  non-mathematical  explanation  of  the  physi¬ 
cal  principles  underlying  the  behavior  of  semi¬ 
conductors.  transistors,  and  other  solid-state 
flevices.  Describes  the  physics  of  semiconductors, 
discusses  their  characteristics,  and  shows  the  way 
transistors  and  ditKles  operate  -by  means  of  the 
working  p  n  junction.  Applications  to  a  variety 
of  Useful  circuits  are  given.  By  DOl’(»T.AS  M. 
WAHSC'H AUKR,  Research  Physicist.  .Aeronau¬ 
tical  Research  Laboratory,  IVright  Air  Develop¬ 
ment  Center.  276  pp.,  201  Ulus.,  $6.50 


CONTROL  ENGINEERS' 
HANDBOOK 

With  36  contributing  experts  represented,  this 
handliook  gives  engineers,  flesigners,  and  develop¬ 
ment  engineers  basic  information  on  components 
and  techtii<}ues  for  use  in  tbe  design  of  feedback 
control  systems.  Emphasis  is  on  components,  in¬ 
cluding  electro-mechanical,  mechanical,  hydraulic, 
and  pneumatic  as  well  as  electronic  atul  magnetic 
components,  (uves  physical  explanations  of  how 
the*ie  components  work,  mathematical  descriptions 
of  their  use  in  tvjiical  control  svstems,  etc.  Edited 
liv  JOHN  G.  TRUXAL.  Elec.  Engr.  Dept., 
Poivtcchnic  lust,  of  Brooklyn.  1048  pp.,  1114 
Ulus.,  $18.50 


MAIL  COUPON  FOR  10-DAY  FREE  EXAMINATION 


Slide  Rule 
frequency  response 

Boonshaft  and  Fuchs,  Inc.,  Hunt¬ 
ingdon  Valley,  Pa.  This  slide  rule 
provides  a  direct  reading  of  ampli¬ 
tude  ratio  and  phase  vs.  frequency 
of  all  the  terms  in  a  complex  trans¬ 
fer  function.  With  one  setting  the 
desired  information  is  presented  for 
20  frequency  intervals  per  decade 
through  six  decades.  There  are  11 
channels  on  the  rule.  One  channel 


McGraw-Hill  Book  Co.,  Dept.  F-8-28 
327  W.  41st  St.,  N.Y.C.  36 

Sond  mo  book(ii)  chookod  below  for  10  day«‘  examination  on  approval.  In  10  days  I 
Min  remit  for  book(H)  I  keep  plus  few  cents  for  delivery  coal  and  return  unwanted 
book(H)  poatpuid.  (We  pay  delivery  coats  If  you  remit  w’ith  this  coupon — same  return 
privilege. ) 

□  ('arroll- Modern  Tramlstor  Circuits.  IR.r)0  (PRINT) 

Name  . . . 

□  Wltllams-  Disltal  Computing  Syitemt.  $7.75 


Address 


n  WarHchatier — Semiconductor!  4  Tram.,  $0.50 


.Zone  ....State 


O  Smith  Principles  of  Analog  Comput..  $7. .50 


Company 


Transistor!  In  Radio,  Television 
and  Electronics.  $7.0.5 


Q  Truxal-  Control  Engineers'  Handbook,  $18. .50  Poniiion  .. 

Tor  price  and  terms  outside  U.  8.,  write  McGraw-Hill  Int'l.,  N.Y.C. 
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holds  a  frequency  scale  covering  six 
decades  from  0.001  to  1,000.  Each 
of  the  10  remaining  channels  holds 
a  scale  which  represents  one  term 
of  the  transfer  function.  Twenty- 
four  such  function  scales  are  fur¬ 
nished. 
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ENGINEERS 

RESEARCH 

OPPORTUNITIES 


Aeronutronic,  a  new  divi¬ 
sion  of  Ford  Motor  Com¬ 
pany,  has  immediate  need 
for  computer  engineers  to 
staff  its  new  $22  million 
Research  Center  in  New¬ 
port  Beach,  Southern  Cali¬ 
fornia.  Here,  you  have  all 
the  advantages  of  a  stim¬ 
ulating  environment, 
working  with  advanced 
equipment,  located  where 
you  can  enjoy  California 
living  at  its  finest. 


r  Send  ^ 
blueprint 
or  samples 
for 

.  estimate  , 


Slip  Ring 

and  brush  assembly 

Slip  Ring  Co.  of  America,  5456 
W.  Washington  Blvd.,  Los  Angeles 
16,  Calif.  Subminiature  stable  plat¬ 
form  slip  ring  and  brush  a.ssembly 
has  50  slip  rings  and  100  brushes 
bail  bearing  mounted  and  packaged 
in  du.st  .sealed  housing  1.250  in. 
long.  Noise  levels  are  maintained 
below  50  /iv;  breakaway  friction 
level,  below  50  gram  cm. ;  maximum 
temperature,  :550  F;  meets  MIL- 
5400A.  Brushes  are  tuned  to  dif¬ 
ferent  resonant  frequencies  to  in¬ 
sure  electrical  omtinuity  despite 
vibration. 
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Look  into  these  ground 
floor  opportunities  in  re¬ 
search  and  development 
work  that  is  challenging 
and  exceptionally  reward¬ 
ing  to  qualified  men. 


Systems  Engineer 
Magnetic  Memory 
Engineers 
Communications 
Engineefs 
Digital  Computer 
Programmers 
Transistorized 
Circuit  Engineers 
Logical  Designers 
Circuit  Engineers 
Mechanical  Engineers 
Optical  Engineers 


We’ll  prove  that  our  high 
speed  production  means 
lower  unit  costs  for  you  I 


Qualified  applicants  are 
invited  to  send  resumes  or 
inquiries  to  .Vlr.  R.  E. 
Durant,  Aeronutronic,  Box 
NK-486,  Newport  Beach, 
California. 


You’ll  save  two  ways — (1)  the  ini¬ 
tial  low  unit  cost  made  possible  by 
high  speed  machines;  (2)  precision 
and  quality  control  guarantees  accu¬ 
rate  parts  and  performance. 

STRAIGHTENING  AND  CUTTING 
Perfect  straight  lengths  to  12  feet. 
.0015  to  .125  diameter. 

WIRE  FORMS 
.0015  to  .125  diameter. 

SMALL  METAL  STAMPINGS 
.0025  to  .035  thickness. 

.062  to  3  inches  wide. 

Specializing  in  production  of  parts 
for  electronic,  cathode  ray  tubes  and 
transistors. 

Write  for  illustrated  folder. 

ART  WIRE  AND  STAMPING 
COMPANY 

18  Boy  dan  Plato,  Newark  2,  Now  Jortoy 


Power  Oscillator 


Computer  Operation 


4U0  cps 

The  Industrial  Test  Equipment 
Co.,  55  E.  nth  St.,  New  York,  N.  Y. 
Model  150-2  power  oscillator  sup¬ 
plies  320  va  of  power  at  a  fixed  fre¬ 
quency  400  cps  ^0.25  percent.  Out¬ 
put  voltage  is  continuously  vari¬ 
able  from  0-120  v  for  ftach  phase. 
Displacement  between  phases  is 
maintained  at  90  deg  ±:1  <leg.  Fea¬ 
tures  include:  le.ss  than  1  percent 


AERONUTRONIC 


o  Division  of 


FORD  MOTOR  COMPANY 


Newport  Bpoch 

Santo  Ana  •  Maywood.  Coliforni 
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COMPUTING 

COMPONENTS 

FROM 


distortion  and  better  than  1  percent 
regulation  from  no  load  to  full  load. 
U.se  of  silicon  diodes  in  the  plate 
supply  circuits  reduces  the  heat  dis¬ 
sipated,  and  enables  the  unit  to  be 
supplied  in  a  relatively  small  en¬ 
closure. 
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Shaft-to-digital 
encoders  meet 
rigid  requirements 


Test  Chamber 
—TOO  F  to  +500  F 


Delta  Design  Engineers,  Inc., 
7460  Girard  Ave.,  La  Jolla,  Calif. 
Model  6545R  rack  mounted  tem¬ 
perature  test  chamber.  Test  vol¬ 
ume  is  10  by  7  by  7  in.;  height  is 
101  in.  in  standard  19  in.  rack. 
Direct  reading  thermo.stat  auto¬ 
matically  controls  temperature 
within  i;2  F  at  any  point  from 
—  100  F  to  +500  F.  Low  tempera¬ 
tures  are  attained  by  injection  of 
li  'uid  COj  through  a  solenoid  oper- 
a  ed  valve.  A  built-in  heating  ele¬ 
ment  provides  high  temperatures. 
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Librascope  sliaft  encoders  meet  and 
surpass  rigid  requirements  of  air¬ 
borne  analog-to-digital  translation. 
Shock,  vibration  and  temperature 
extremes  do  not  affect  their  continu¬ 
ous,  noise-free  operation. 

THEY’RE  DIRECT:  A  simple  onc-stcp 
means  of  digitizing  analog  data. 
THEY’RE  RELIABLE;  .Midti-inillion 
turns  at  high  speeds  with  constant 
contact  resistance. 

THEY’RE  VERSATILE:  14  basic  models 
in  wide  range  of  capacities;  special 
function  codes  built-in  to  simplify 
computer  reciuirements. 

For  juU  details  on  Librascope 
encoders  uritc  for  Catalog  Ell-1 


MODEL  420  FILTER 

You  can  evaluate  the  amount  of  a  noise 
and  its  frequency  characteristics  with 
an  Allison  Filter.  You  can  make  this 
evaluation  regardless  of  whether  the 
noise  is  continuous  or  intermittent,  or 
whether  it  has  sharp  peaks.  Allison 
Eillers  do  not  ring  on  transient  noises. 
This  analysis  can  be  very  important  in 
testing  equipment,  preventing  hearing 
loss,  and  controlling  harmful  or  irritat¬ 
ing  industrial  noises. 

420  FILTER  SPECIFICATIONS 

Continuously  variable  frequency  range  from 
20  cps  to  20,000  cps. 

20  db  attenuation  in  first  octave. 

Passive  network -no  power  supply. 

No  vacuum  tubes. 

Dynamic  range,  120  db. 

Impedance  (m  and  out),  600  ohms. 

Plug-in  input-output  transformers  for  other 
impedances. 

Maximum  input  for  minimum  distortion,  2  volts. 
Low  loss,  approximately  2  db  in  pass  band. 

Low  pass  signals  from  DC  to  cutoff  frequency. 
Minimum  band  width  approximately  Vz  octave. 
Size,  excluding  knobs  and  handle,  17"  long, 
5%"  deep,  8"  high. 


Power  Supply 
current  regulated 

Menlo  Park  Engineering,  711 
Hamilton  Ave.,  Menlo  Park,  Calif. 
Magnetic  control  element.s  are  u.sed 
in  the  KSS-1  power  supply  to  pro¬ 
vide  smooth  control  of  high  cur¬ 
rents  as  normally  encountered  in 
twt  focusing  .solenoids.  A  stabilized 
feedback  loop  using  Zener  reference 
diodes  and  a  high  gain  d-c  amplifier 
are  u.sed  to  control  the  saturation 
characteristics  of  a  reactor  trans¬ 
former.  Current  range  is  3.2  to  5.1 
amperes  d-c  into  a  20  ohm  load. 
Regulation  is  better  than  2  percent 


Last  db  Typical  band  pass  curve 


@AII  models  available  with  internally  mounted 
isolation  diodes  for  sequential  multiples¬ 
ing  applications. 

tAvallable  In  hermetically  sealed  servo- 
driven  package  as  Models  757-$  and  7S8-S. 

‘Including  limit  1  and  polarity  information. 
Sine  and  cosine  functions  generated  simul¬ 
taneously  and  Independently.  One  turn  of 
shaft  generates  4  quadrants  of  information. 


Write  today  for  complete 
literature  and  prices 


A  SUBSICIADY  OF  GENERAL  PRECISION  EQUIPMENT  CORPORATION 

LIBRASCOPE,  INC.  Commercial  Division 
too  East  Tujunga  Avenue  •  Burbank,  California 
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1419S  EAST  SKYLINE  DRIVE 
LA  PUENTE.  CALIFORNIA 
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•  ■ 

JIBRASCOPE- 

A 

GENERAL 

PRECISION 

COMPANY 

OUTPUT 

CODE 

MODEL 
NO.  @ 

TOTAL 

CAPACITY 

RESOLUTION* 

PER  TURN 

PARALLEL 

740 

10  bits  (1024) 

1024 

BINARY 

(LINEAR) 

743 

13  bits  (8192) 

128 

SERIAL 

~707~ 

7  bits  (128) 

128 

BINARY 

713 

13  bits  (8192) 

128 

(LINEAR) 

717 

17  bits  (131,072) 

128 

719 

19  bits  (524.288) 

_ 128 

SERIAL 

BINARY 

757f 

7  bits  per  quadrant* 
(4  quadrants) 

512 

(SIN-COS) 

758f 

8  bits  per  quadrant* 
(4  quadrants) 

1024 

BINARY 

"7n 

~  2,000 

^200 

CODED 

724 

20,000 

200 

DECIMAL 

733 

3,600 

200 

(8-4-2-1) 

734 

36,000 

200 

735 

360,000 

200 

~wy"  ^ 

70S 

S  bits  (256) 

1  J5®_ 

To  Soil  and  SorvictT^^ 

—  Th9  Dallas  Soufh«'9ifj 

—  Jh»  Nalianal  MarktS 


for  line  variations  of  ±10  percent 
and  load  variation  of  ±20  percent. 
Ripple  is  less  than  1  percent. 
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Drum  Head 
precision  machined 

.1.  B.  Rea  Co.,  Inc.,  2202  Broadway, 
Santa  Monica,  Calif.  The  HD14- 
04X  is  an  all  metal  precision  ma¬ 
chined  64-channel  drum  head  orig¬ 
inally  designed  for  use  on  a  4-in. 
research  laboratory  drum.  Track 
width  is  0.024  in.  ±0.0005  in.;  track 
spacing  center  to  center,  0.0625  in. ; 
gap  length,  0.0005  in.;  maximum 
deviation  from  head  base  to  back  of 
any  stack,  ±0.001  in.;  and  gap  scat¬ 
ter,  ±50  #iin. 
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P-C  Drafting  Aids 
nonstaining 

By-Buk  Co.,  4314  W.  Pico  Blvd., 
Los  Angeles  19,  Calif.  Black  pres¬ 
sure  sensitive  photographic  tape 
with  clear  non-staining  adhesive  in 
widths  from  «'i  in.  (0.015)  to  any 
fraction  of  an  inch  in  15  and  60  yd 
rolls,  for  making  printed  circuit 
master  layouts. 
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Coatings 
humidity  proofing 

Columbia  Technical  Corf.,  61-02 
31.st  Ave.,  Woodside  77,  N.  Y.  A 
series  of  HumiSeal  coatings  on 


"Ultraminiolura  Circuitry"  from  Taxot 
Initrumants  Incorporated,  Dollot. 

Product  of  Dallas  Brains  in  Electronics 

Complete  semiconductor  solid  circuits  contained  within,  and  as  integral  parts 
of,  tiny  semiconductor  material  wafers,  represent  an  approach  to  the  ultimate 
in  miniaturizing  electronic  circuits  for  space  vehicles,  computers,  and  many 
industrial  applications.  This  brand-new  advance  in  electronic  progress  is  just 
one  of  the  recent  "break-throughs”  achieved  by  Dallas  electronic  research 
effort,  backed  up  by  fast-stepping  production  organizations. 

Brainpower  and  scientific  initiative  concentrated  in  the  advanced  research 
laboratories  of  Texas  Instruments.  Varo,  Collins  Radio,  Ling-Altec,  Alpha 
Corporation,  and  other  Dallas-based  companies  are  constantly  expanding  the 
frontiers  of  the  electronic  industry  —  creating  the  new  products  which  will 
be  the  backbone  of  tomorrow’s  business  advances. 


Dollos*  magnetism  for  broin* 
power, and  its  favorable  environ¬ 
ment  for  advanced  scientiftc  re¬ 
search  as  typified  by  The  Gradu- 
ote  Research  Center  ot  SMU,  are 
major  reasons  why  any  company 
interested  in  electronics  needs  the 
full  Dallas  story  before  making 
relocation  or  expansion  plans. 


Offers  Dependable 
Business  Climate 
and  Tangible 
Competitive  Advantages 


j  Industrial  Dallas,  Inc. 

I  Dept.  E-1,  1101  Commerce  St.,  Dallas,  Texas 

I  Please  send  me  Facts  on  Dallas'  Dependable  Business 
I  Climate. 


- - Zone— - Stale _ 
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MEET  ED  DeJONGH 

Associate  Editor,  electronics 
MARKET  RESEARCH  EXPERT 


A  graduate  of  Oberlin,  BA,  and  Harvard 
Business  School,  MB.A,  Ed  DeJongh  is  the 
researcher  and  analyst  who  is  responsible 
for  "Market  Research”,  “Figures  of  the 
Week”,  sales  estimates,  sales  forecasts, 
marketing  news,  and  developments  in  mar¬ 
keting.  Ell  is  constantly  pi'cparing  for  a 
year-end  statistical  issue  and  forecast  for 
the  following  year.  If  you’re  not  a  sub¬ 
scriber,  if  your  subscription  is  expiring,  if 
you  need  market  data  in  your  work,  fill  in 
box  on  Reader  Service  Card.  Easy  to  use. 
Postage  free. 

#  electronics  (Hi 

A  McGraw-Hill  Publication 
330  West  42nd  Street,  New  York  36,  N.  Y. 
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MESSAGE  FROM  THE  MOON 

On  April  16,  1959,  a  radio 
$ignal  was  bounced  ofT  the 
moon  to  formally  dedicate 
Kimac’s  new  multi-million  dol¬ 
lar  plant  in  San  Carlos,  Cali¬ 
fornia.  Thrust  into  space  in 
Alaska  by  a  high-power  Eimac 
klystron,  the  signal  traveled  to 
the  moon  and  was  received  at 
the  dedication  site  in  San 
(Carlos  in  just  two  and  one-half 
seconds. 

With  this  signal  of  things  to 
come.  Eimac  enters  its  second 
generation  as  a  leader  in  the  de¬ 
velopment  and  manufacture  of 
electron  tubes,  super-powered 
klystrons  and  accessories. 


polyurethane  ba.ses  are  especially 
formulated  for  humidity  proofing, 
and  also  offer  excellent  weathering 
and  corrosion  resistance  to  many 
metal  surfaces.  Advantages  in¬ 
clude:  single-component  .system, 
room  temperature  cure,  solderabil- 
ity  so  that  coated  components  may 
be  replaced  or  repaired  by  simply 
.soldering  through  the  coating  with¬ 
out  necessity  of  its  mechanical  or 
chemical  removal,  excellent  adhe¬ 
sion.  flexibility,  and  outdoor  dura¬ 
bility. 
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Circuit  Packs 
light  weight 

Raytheon  Mfg.  Co.,  Semiconductor 
Division,  225  First  Ave.,  Needham 
heights  94,  Ma.ss.  Circuit-Paks  con¬ 
tain  semiconductor  devices  and 
other  components  connected  to  pro¬ 
vide  desired  circuits.  Types  avail¬ 
able  include  bridge  rectifiers,  phase 
comparators,  diode  switches,  am¬ 
plifiers,  and  flip-flops.  Assemblies 
are  reliable,  easy  to  use,  free  from 
atmospheric  effects,  simplify  equip¬ 
ment  assembly  and  reduce  produc¬ 
tion  errors. 
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#  Manufacturing  Engineers 

(Mechanical  or  Electrical) 

9  Industrial  Engineers 
9  Tool  Engineers 
9  Tube  Production  Engineers 

In  addition,  a  recently  formed 
Supporting  Research  Croup  has 
created  opportunities  for  PhD  or 
M.S.E.E.  Scientists  to  bolster  our 
research  activity  involving  micro- 
wave  tubes  and  other  power 
generating  devices. 

If  you  would  like  to  share  in  our 
exciting  growth  and  progress  you  are 
invited  to  investigate  your  opportunity 
with  Eimac  by  writing  Mr.  M.  B. 
Shattuck,  Dept.  E.  Eitel-McCullough, 
Inc.,  San  Carlos,  California.  (Your 
letter  will  be  treated  in  strict  confi¬ 
dence  and  will  receive  a  prompt  reply.) 


Vigorous  development  work  on 
power  amplifier  klystrons,  reflex 
klystrons.  TWT’s  and  a  wide  variety 
of  negative  grid  tubes,  plus  rapidly 
expanding  production  facilities  to 
meet  the  needs  of  our  commercial  and 
military  customers,  have  created  prime 
engineering  opportunities  in  our  San 
Francisco  Bay  Area  and  Salt  Lake 
(.’ky  operations.  Engineers  or  physi¬ 
cists  with  electron  tube  design  or  re¬ 
lated  manufacturing  experience  are 
needed  for  these  openings: 

9  Microwave  Tube  Development 
Engineers  (Electronic) 

9  Senior  Microwave  Engineers 
9  Tube  Design  Engineers 
(Mechanical) 

9  Vacuum  Tube  I’rocess 
Engineers  (Chemical) 


Precision  Meters 
bifilar-suspension 

Greibach  Instruments  Corf.,  315 
North  Ave.,  New  Rochelle,  N.  Y. 
Extreme  sensitivity  and  ruggedness 
characterize  a  line  of  precision 
meters  based  on  the  use  of  the  bi¬ 
filar-suspension  movement.  Meters 
are  available  in  many  models — mi¬ 
croammeters,  milliammeters,  amme¬ 
ters,  millivoltmeters.  voltmeters, 
megohmmeters,  multirange  meters 
to  23  ranges,  and  voltammeters  for 
current  and  voltage  in  the  .same  in- 
.strument. 
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For  Chicago  Interviews  during  National  Electronics  Conference 
Telephone  Mr.  M.  B.  Shattuck  in  (diicago  at  Beverly  3-7388  or  Beverly  3-7389 


San  .CarJoa,  California 


OCTOBER  16,  19S9  •  ELECTRONICS 


to 


Get  out  your  pencil  and  help  yourself 
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it's  free— it's  easy— 
it's  for  your  convenience 

Use  these  handy  READER  SERVICE  CARDS  for  more  information  on: 

ADVERTISEMENTS-NEW  PRODUCTS-LITERATURE  OF  THE  WEEK 


1—  Circle  the  number  on  the  postpaid 
cord  below  that  corresponds  to  the 
number  at  the  bottom  of  Adver¬ 
tisement,  New  Product  item,  or  Liter¬ 
ature  of  the  Week  selection. 

2- INQUIRIES  FROM  FOREIGN  COUN¬ 
TRIES  that  ore  not  mailed  at  least  10 


days  prior  to  the  expiration  date  shown 
on  the  card  must  be  mailed  directly  to 
the  advertiser. 

3— Please  print  carefully,  as  it  is  im¬ 
possible  to  process  cards  that  are 
not  readable. 


HOW  TO  SUBSCRIBE— 

HOW  TO  RENEW  YOUR  SUBSCRIPTION 
- TO  electronics - 

If  you  are  not  a  subscriber,  or  if 
your  subscription  is  about  to  ex¬ 
pire,  to  receive  electronics  regu¬ 
larly,  fill  in  the  section  "FOR 
SUBSCRIPTIONS"  on  a  card  below. 
Send  no  money,  electronics  will 
bill  you  at  the  address  indicated 
on  the  Reader  Service  Card. 
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NO  PIGEONHOLES 


In  some  industries  a  man  is  boxed  oflF  by  his 
title.  In  most  fields,  for  example,  a  manage¬ 
ment  man  won't  talk  the  same  language  as  a 
design  engineer. 

The  Electronics  man,  however,  is  not  easily 
pigeonholed.  Whatever  his  title,  whatever  his 
department,  this  engineering  oriented  man 


influences  the  buying  and  specifying  of  elec¬ 
tronic  equipment. 

electronics  is  edited  to  reach  the  important 
areas  of  the  electronics  industry . . .  the  men  who, 
regardless  of  title,  influence  the  purchase  of 
products,  materials  and  service.  This  is  why  it 
pays  to  advertise  in  electronics  and  electronics 
BUYERS'  GUIDE. 


The  Electronics  man  "buys"  what  he  reads  in 


electronics 


A  McGraw-Hill  Publication 

330  West  42nd  Street,  New  York  36,  N.  Y. 
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FIRST  CLASS 
PERMIT  NO.  64 
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Reader  Service  Dept. 
330  West  42nd  Street 


New  York  36,  N.  Y. 


ELECTRICAL 
COIL  WINDINGS 


,  4  Encapsulated 

•  Bobbin 

•  Paper  Interleave 

•  Cotton  Interweave 

•  Form  Wound 

•  High  Temperature 

Send  us  your  coil  speci¬ 
fications  for  quotation. 


TRANSFORMERS  MADE  TO  ORDER 


MAIN  STREET  •/WINSTED.  CONN. 


electronics 

READER 

SERVICE 

CARDS 


.have  increased  the  flow 
of  product  and  service 
literature  to  readers. 


Analysis  problems  on  precision  mechanisms  used  in  stable 
platforms  have  created  staff  openings  with  the  outstanding 
Inertial  Guidance  group  in  the  country.  Address  your  letter 
to  Mr.  C.  T.  Petrie,  Manager,  Research  &  Engineering  Staff. 


LITTON  INDUSTRIES  Electronic  Equipments  Division 
Beverly  Hills,  California 


Manufacturers  are  cooperating 
wholeheartedly  with  the  Serv¬ 
ice  to  supply  information 
promptly. 


#  Discover  how  your  company  con  profit 

positively  in  Colorado.  " 

#  Leorn  why  Colorodo  has  become  ''tho 
State  that  more  than  meets  your  sito 
requirements. 

#  Exomine  the  documented  facts  on  Colo* 
rodo's  great  wealth  of  Manpower,  Ma* 
teriols,  Markets. 

#  See  why  Fleosont  Living,  a  product  of 
Colorado's  mogic  climate,  is  such  a 
voluoble  bonus  to  industry. 

This  revised-to-the-minute  booklet  portfolio, 
'‘Industrial  Colorado/'  presantt  an  informa* 
tiva,  concise  analysis  of  the  opportunities 
awaiting  new  and  expanding  industry  in 
Colorado. 

WRIJB  FOR  YOUR  COPY  TODAY  I 


DEPARTMENT  OE  DEVELOPMENT 

63  STATE  CAPITOL  BLDG.,  DENVER  2,  COLO. 
Tour  inquiry  will  be  be/d  in  s/rictest  confidence. 
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7  ttKINS  ST.,  SOUTH  BOSTON  27,  MASS. 


I’ 


BASIC  CIRCUIT 


A  vibrating*reed  type  capacitance 


modulator  for  use  in  measuring 


currents  as  low  as  10“’*  amperes 


Long  term  stability  for 


process  control.  Drift  =ir0.2 
millivolts  per  day,  ■ 


non-cumulative. 


Write  for  Catalog  523-B 


QUAUTY  SINCE  1943 


Frequency  Detector.  Airpax 
Electronic.s  Inc.,  Seminole  Divi¬ 
sion,  Fort  Lauderdale,  Fla.  Bul¬ 
letin  F-2,’i  describes  the  Magmeter, 
a  frequency  detector  delivering  a 
d-c  output  voltage  proportional  to 
input  frequency. 

CIRCLE  272  ON  READER  SERVICE  CARD 

Synchros,  Servos.  Ketay  Depart¬ 
ment.  Norden  Division,  United 
.Aircraft  Corp.,  Commack,  L.  I., 
N.  Y.  An  illustrated  170-page  cat¬ 
alog  of  synchros,  servo  motors, 
servo  amplifiers,  re.solvers,  rate 
gyros  and  potentiometers  contains 
specifications  and  outline  draw¬ 
ings  of  200  units.  Included  are 
details  on  synchros  manufactured 
to  the  newe.st  MIL  specs  (MIL-S- 
20708A). 

CIRCLE  273  ON  READER  SERVICE  CARD 


EQUIPMENT 

HWO  TWT  Power  Supply.  Poly¬ 
technic  Research  &  Development 
Co.,  Inc.,  202  Tillary  St.,  Brooklyn 
1,  N.  Y.  A  recent  issue  of  “New 
From  PRD”  describes  the  type  813 
universal  bwo/twt  power  supply 
which  powers  and  modulates  back- 
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Aluminum  Clad  Copper  Wire. 

I  Sylvania  Electric  Products  Inc., 

I  Warren,  Pa.  A  technical  booklet, 

1  “Aluminum  Clad  Copper  40*^  ”  de- 
'  scribes  a  high  conductivity  wire 
recently  developed  for  high  tem¬ 
perature  magnet  wire  and  a  vari¬ 
ety  of  applications  in  aircraft, 
missiles  and  high-speed  industrial 
equipment. 

CIRCLE  270  ON  READER  SERVICE  CARD 


COMPONENTS 


R-F  Interference  Filters.  Fil- 
tron,  Inc.,  10023  W.  Jefferson 
Blvd.,  Culver  City,  Calif.,  has  com¬ 
piled  a  350-page  catalog  which 
carries  design  and  engineering 
data  as  well  as  product  informa¬ 
tion  on  interference  suppression 
devices  for  electronic  equipment. 

CIRCLE  271  ON  READER  SERVICE  CARD 
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the  Week 

ward  wave  oscillators,  backward 
wave  amplifiers,  voltage  tuned 
magnetrons,  and  traveling  wave 
amplifiers. 

CIRCLE  274  ON  READER  SERVICE  CARD 

Tape  Control  Positioning.  Jones 
&  Lamson  Machine  Co.,  Spring- 
field,  Vt.  Description,  chief  advan¬ 
tages  and  applications  of  tape 
control  positioning  are  contained 
in  an  illustrated  booklet. 

CIRCLE  275  ON  READER  SERVICE  CARD 

Control  Chassis.  Datex  Corp., 
1.307  S.  Myrtle  Ave.,  Monrovia, 
Calif.  Rapid  acquisition  of  data 
and  its  retention  and  translation 
are  key  features  of  a  control  chas¬ 
sis  described  in  bulletin  No.  111. 

CIRCLE  276  ON  READER  SERVICE  CARD 

Centrifugal  Blowers.  Air-Marine 
Motors,  Inc.,  369  Bayview  Ave., 
Amityville,  L.  I.,  N.  Y.,  has  pub¬ 
lished  a  12-page  catalog  on  its  cen¬ 
trifugal  blowers  illustrating  typi¬ 
cal  single  blower  units. 

CIRCLE  277  ON  READER  SERVICE  CARD 

Power  Supply,  Electronic  Meas¬ 
urements  Co.,  Inc.,  Eatontown, 

N.  .1.  Data  sheet  3070  describes  the 
Regatron  model  2-212A,  a  dual 
power  supply  for  transistors. 

CIRCLE  278  ON  READER  SERVICE  CARD 

Portable  .Analog  Computer.  Elec¬ 
tronic  Associates,  Inc.,  Long  | 
Branch,  N.  .1.  Bulletin  AC934  de¬ 
scribes  the  PACE  TR-10  transi.s- 
torized,  desk-top  analog  computer. 

CIRCLE  279  ON  READER  SERVICE  CARD 


FACILITIES 

Facilities  Brochure.  General 
Machine  Products  Co.,  Inc.,  Old 
Lincoln  Highway  at  Pennsylvania 
Turnpike,  Trevose,  Pa.  A  brochure 
describes  the  company’s  facilities 
for  the  manufacture  of;  special 
machinery,  tools,  communications  | 
equipment,  controls,  aircraft  com¬ 
ponents  and  subassemblies,  elec-  ; 
trical  and  electronic  equipment 
and  subassemblies,  and  precision  I 
parts  of  all  types  and  sizes.  | 
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SoM  indkof0$  hw  b^to  of  oao  of  thm  now  Bondix  froniitfori  at  comporod  to  ffio^  of  on  ofdinory  trantittar. 


NEW  BENDIX  HIGH  GAIN 
INDUSTRIAL  POWER  TRANSISTORS 
OFFER  FLAHEST  BETA  CURVE 


Now  available — a  new  series  of  power  tran.sistors  with  the  flattest  beta  curve  in  the 
industry’,  made  possible  by  an  exclusive  Bendix  process.  This  new  series  has  very 
high  current  gains — up  to  200  at  3  .\dc — and  a  10  ampere  |K"ak  current  ratitig. 

Featuring  ten-amp  j)erformance  at  a  live-amp  price,  the  2N 1 1  2.\  1 1 .37,.\,B; 

and  2N1138,.A,B  series  provide: 

low  lET/t  FALL  OFF - ►  LESS  DRIVE  AND  LESS  DISTDRTIDN 

IDW  SATURATION  RESISTANCE - y  GREATER  CIRCUIT  EFFICIENCY 

VOLTAGE  IREAKDOWN  RATINGS - >>  ELIMINATION  OF  lURN  OUT 

CURRENT  GAIN  MATCHING  -  -  >-  OPTIMUM  CIRCUIT  PERFORMANCE 

Ideally  suited  for  use  in  static  convertors  and  regulators,  these  fMiwerful  transistors 
also  have  numerous  applications  in  relay  replacements  and  drivers  for  relays,  ntagnetic 
clutches,  solenoids  and  other  loads  requiring  high  current.  In  addition,  their  extr«  mely 
high  current  gain  and  e.xcellcnt  hFE  linearity  make  them  the  most  practical  and 
efficient  television  vertical  output  amplifiers. 

For  complete  information,  contact  SKMK:().M)LCTOR  HROOL'CTS,  BE.N'OIX  AVIATION 
CORI*ORATION,  LONG  BRANCH,  NEW  JER.SEY. 

West  Coast  Soles  Office:  117  E.  Providencio  Avenue,  Burbank,  Californio 
Midwest  Soles  Office:  4104  N.  Harlem  Avenue,  Chicago  34,  Illinois 
New  England  Sales  Office:  4  Lloyd  Road,  Tewksbury,  Mossachusetts 
Export  Sales  Office:  Bendix  International  Division,  205  E.  42nd  Street,  New  York  17,  New  York 
Canadian  Affiliate:  Computing  Devices  of  Canada,  ltd.,  P.  O.  Box  508,  Ottowa  4,  Ontorio,  Canada. 
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PLANTS  AND  PEOPLE 


For  Ashley,  free  enterprise 

Free  Enterprise  Award  for  Horatio  Alger-type  success  in  electronics 
goes  this  year  to  Harry  Ashley,  energetic  and  ebullient  president  of  Elec¬ 
tronic  Instrument  Co.  Kitmaker  Eico  is  one  of  very  few  electronics  firms 
whose  main  trading  point  is  that  customers  do  the  work. 

Harry  Ashley,  born  in  Brooklyn  in  1912,  has  never  really  left  home. 
He  went  to  Brooklyn  College  at  night,  studying  the  physical  .sciences  while 
he  made  his  living  as  a  radio  serviceman.  Even  then,  in  the  middle  of 
the  depression,  he  was  an  independent  operator — a  phrase  that  accurately 
describes  him  today. 

He  left  college  to  sell  aircraft  insurance,  and  u.sed  to  puddle  jump  all 
over  the  ea.stern  seaboard  to  service  his  accounts.  He  got  his  own  pilot’s 
license  in  1941,  but  the  outbreak  of  the  war  put  it  and  his  insurance  busi¬ 
ness  on  the  shelf. 

In  the  closing  days  of  the  war,  during  idle  time  at  his  Navy  job,  he 
planned  on  breaking  into  the  instrument  business,  but  he  quickly  found 
out  that  without  experience  he  couldn’t  get  a  materials  priority.  He  was 
able  to  make  kits,  however,  and  after  the  war  he  sank  all  of  a  $4,000  nest 
egg  into  that  line. 

At  first  he  operated  on  a  shoestring,  buying  up  surplus  parts,  designing 
and  as.sembling  the  kits  himself,  merchandising  them  among  the  jobbers 
on  New  York’s  Cortlandt  Street,  even  delivering  them  in  an  old  ’32 
Plymouth.  Gradually  the  kits  caught  on — “principally,”  he  figures, 
“becau.se  the  radio  serviceman  likes  to  know  his  te.st  equipment  inside 
out.  He  doesn’t  mind  building  it  himself ;  it  gives  him  a  surer  feeling 
about  it,  because  he  gets  intimate  knowledge  of  its  theory,  parts  and 
maintenance.” 

Since  then  Eico  has  expanded  into  hi-fi  and  ham  gear,  has  lately  been 
selling  transi.storized  kits.  Engineering  plays  a  big  part  in  the  firm; 
as  Ashley  says,  “you’ve  got  to  design  around  the  fact  that  fairly  inexpert 
people  will  put  these  thipgs  together.” 

Pipesmoker  Ashley  was  married  in  1937,  has  three  daughters.  He 
loves  the  outdoor  life,  lives  his  summers  in  the  pool,  on  the  golf  course 
or  on  his  motorlaunch — in  which,  incidentally,  he  tests  marine  electronic 
gear  out  on  Long  Lsland  Sound.  He  builds  his  own  home  equipment,  of 
course,  including  his  ham  .station  K2UVY.  He’s  a  good  fisherman,  too — 
a  ()0-lb  sailfish  caught  off  Florida  adorns  the  wall  of  his  informally 
appointed  office. 

With  a  raft  of  outlets  for  his  own  bouncing  energy,  he  is  quick  to  point 
out  that  “kit-building  is  a  relief  from  tension,”  thinks  this  factor  is  just 
as  important  to  Eico’s  success  as  the  low  cost  of  the  kit  compared  with 
preassembled  gear. 


IRE  Conference 
Set  for  Atlanta 

The  fourth  IRE  Instrumentation 
Conference  and  Exhibit  sponsored 
jointly  by  the  Atlanta  Section  IRE 
and  the  Profe.ssional  Group  on  In¬ 
strumentation  will  be  held  at  the 
Atlanta  Biltmore  Hotel  on  Nov.  9, 
10,  and  11.  There  will  be  six  ses¬ 
sions  featuring  .symposia  on  re¬ 
liability,  measurements,  data 
gathering  and  display,  nuclear  in¬ 
strumentation,  semiconductor  ap¬ 
plications,  and  missile  and  satellite 
instrumentation. 

New  products  of  more  than  100 
manufacturers  will  be  shown  in  the 
accompanying  exhibits. 

For  information  describing  the 
28  papers  to  be  given,  the  exhibits, 
and  program,  contact  B.  J.  Dasher 
in  care  of  the  School  of  Electrical 
Engineering,  Georgia  Institute  of 
Technology,  Atlanta,  Ga. 


Jipp  Becomes 
Ampex  V-P 


John  Jipp,  Ampex  Instrumentation 
Division’s  manager  since  1957,  has 
become  a  vice-president  of  the  cor¬ 
poration.  He  is  one  of  five  men 
newly  elevated  to  this  rank  by  the 
board  of  directors  of  the  magnetic 
tape  recording  firm  at  a  recent 
quarterly  meeting. 

Jipp  joined  Ampex  Corp.  in  1953 
as  instrumentation  sales  manager, 
and  upon  the  creation  of  a  separate 
Instrumentation  Division  in  1954, 
he  was  designated  marketing  man¬ 
ager  of  the  new  group. 

The  other  men  affected  are  Neal 
K.  McNaughten,  manager  of  the 
Professional  Products  Division; 
Herbert  L.  Brown,  manager  of  Am¬ 
pex  Audio,  Inc.;  Walter  T.  Selsted, 
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BUYERS’  GUIDE ' 

and  REFERENCE  ISSUE 


For  nineteen  years,  firms  in  the  electronics  industry  have  made  direct  contributions 
to  the  accuracy,  completeness  and  authenticity  of  the  BUYERS’  GUIDE. 

Recently,  the  staff  of  the  BUYERS’  GUIDE  decided  to  award  plaques  to  express 
appreciation  to  those  in  the  industry  who  had  made  direct  contributions  to  improve 
the  product  listings.  The  photograph  above  represents  a  few  of  the  awards  that 
have  been  made. 

The  awarding  of  the  plaques  is  but  one  indication  of  how  the  BUYERS’  GUIDE 
evolved  over  the  years  ...  a  cooperative  effort  between  the  publication  and  the 
industry  it  serves. 

Only  through  years  of  exfjcrience  can  a  buyers’  guide  reflect  the  needs  of  an 
industry  as  complex  and  dynamic  as  electronics  . . .  one  more  reason  why  the 
BUYERS’  GUIDE  is  the  ONE  accepted  product  and  data  book  in  the  field. 

Published  mid-year  as  the  53rd  issue  of  electronics 


A  McGRAW-HILL  PUBLICATION 

330  WEST  42ND  STREET,  NEW  YORK  36,  N.Y. 
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COLUMBUS 

ELECTRONICS 

CORP. 

DOUBLE 

DIFFUSED 

SILICON 

RECTIFIERS 


JONES 

PLUGS  & 
SOCKETS 

500  SERIES 

2.ualUtf 


Now  .  .  an  extensive  line  of  high 

performance,  hermetically  sealed,  sili¬ 
con  power  rectifiers  UP  TO  35  AMPS. 
JEDEC  types  exceeding  Mil  specifka- 

NEW 

SINGLE  unit  VERY  HIGH  VOLTAGE  silicon 
rectifiers  exhibiting  these  desirable 
characteristics . . . 


INSULATED  STUD  silicon  rectifiers 
offering  these  quality  features... 

*  Simplify  mounting 

*  Sdves  assembly  parts  &  costs 

*  Obtain  efficient  heat  transfer 

*  Give  greater  design  fleiibility 

AVAILABLE  UP  TO  JO  AMPS  PER  UNIT  AND 
UP  TO  2000  VOLJS  PIV. 


COLUMBUS  ELECTRONICS  CORP. 

lOtO  SAW  HIU  RIVER  RD.,  YONKERS,  N.  Y. 
yOnkcrs  8  1221  •  TWX-Yonkers,  NY  t369 


director  of  research;  and  John  M, 
Leslie,  manager  of  Orr  Industries, 
Inc. 


For  5,000  Volts  25 
Amperes  per  Con¬ 
tact  Alterable  by 
circuit  Character¬ 
istics. 


S-506  DS 
Socket  with 
deep  brackets 


Socket  contocts  phosphor  bronze  knife- 
switch  type,  cadmium  plated.  Plug  contacts 
hard  brass  cadmium  plated  2,  4,  6,  8,  10, 
and  12  contacts.  Plugs  and  sockets  polar¬ 
ized.  Long  leakage  path  from  terminal,  and 
terminal  to  ground.  Cops  and  brackets, 
steel  parkerized  Crust  proofed,^.  Plug  ond 
socket  blocks  interchangeable  in  cap»  and 
brackets.  Terminal  connections  most  access¬ 
ible.  Cap  insulated  with  canvas  bakelite. 


Harbison  Joins 
Lear,  Inc. 

Richard  W.  Harbison  has  joined 
Lear,  Inc.,  Santa  Monica,  Calif.,  as 
a.ssistant  to  the  executive  vice  presi¬ 
dent.  He  was  formerly  vice  presi¬ 
dent  of  eastern  operations  with 
Cook  Electric  Co.,  Chicago,  Ill. 

His  initial  assignment  with  Lear 
will  be  the  expansion  of  the  com¬ 
pany’s  research  and  development 
and  service  activities. 


Wri>«  lor  Jones  BULLETIN  22 
for  full  details  on  line. 


STUD 
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be  responsible  for  the  coordination 
of  research  and  development,  new 
products,  sales,  sales  promotion, 
sales  research  and  engineering. 

Cline  joined  Kidde  in  1958,  and 
has  worked  in  product  sales  and 
new  product  development.  Previ¬ 
ously  he  was  associated  with  Sound¬ 
ings,  Inc.,  of  Stamford,  Conn.,  and 
held  the  post  of  experimental  di¬ 
rector. 


Elect  Runyan 
R&D  V-P 

Ray.mond  a.  Runyan  is  the  newly 
elected  vice-president  of  research 
and  development  of  Data-Control 
Sy.stems,  Inc.,  Danbury,  Conn.  He 
is  one  of  the  original  founders  of 
the  company. 

In  his  new  post,  Runyan  will  be 
responsible  for  the  company’s  en¬ 
larged  research  activities  in  telem¬ 
etry  and  associated  helds. 


News  of  Reps 

Appointment  of  Engineering  Serv¬ 
ice  Co.,  Kansas  City,  Mo.,  as  manu¬ 
facturers’  reps  for  the  Amerelay 
Corp.,  New  Hyde  Park,  N.  Y..  is 
announced.  ENSCO,  with  branches 
in  Wichita  and  St.  Louis,  will  cover 
the  territory  that  includes  Mis¬ 
souri,  Kansas,  Nebraska  and 
southern  Illinois. 

Chemtronics  Inc.,  Brooklyn,  N.  Y.. 
names  tw’o  West  Coast  manufac¬ 
turers’  rep  firms.  .Mark  R.  Mark- 
man  Co.  of  Los  Angeles  will  cover 
Arizona,  southern  California,  and 
-southern  Nevada.  William  Logan 
of  Daly  City,  Calif.,  will  handle 
sales  in  northern  California. 

Freed  Transformer  Co.,  Inc.,  Brook¬ 
lyn,  N,  Y.,  announces  appointment 
of  Conway  Electronic  Enterprises 
of  Toronto,  Ontario,  as  its  sales 
agent  in  Canada. 

E.  S.  “Mike”  Needier  has  been  ap¬ 
pointed  sales  agent  for  the  .state 
of  Indiana  by  the  William  Brand 
&  Co.,  Inc.,  of  Willimantic,  Conn. 
Needier  will  handle  the  complete 
Brand  line  of  Turbo  wires,  cables 
and  insulating  tubing  for  the  elec¬ 
tronics  and  electrical  industries. 


Initnmnt  Lih 
is  sxHttdsd 

by  adsorbing  vapors  ganer 
atad  during  normal  instru¬ 
ment  operation  from  wire 
insulation,  organic  plasti¬ 
cizers  and  residual  sol¬ 
vents  which  might  carbon¬ 
ize  on  the  contact  points. 


iHamrfocfuriiig 
Costs  an  lowand 

by  eliminating  the  need 
for  special  insulations  and 
also  by  reducing  the  need 
for  “baking-out.” 


.  Why  it  pays  to  use,, 

jjATIONAl^  Molded  Activated 

Carbon  Getters  electronic  relays 


so*  .  NATIONAL  CARBON  COMPANY 

Qft  All)  WRItf  OMsIon  of  UnioM  CarfeMo  Cerporatloo 

1300  LakasMo  AvanHO.  Clovoland  14,  OMo 

"National''  and  "Union  Carbide"  are  reiistered  trade-marks  of  Union  Carbide  Corporation. 
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COMMENT 


Maj^netic  Pickups 

In  the  course  of  preparing  my 
university  examination  paper,  prob¬ 
lems  (in  the  area  of  magnetic- 
pickups)  arose  to  which  I  did  not 
succeed  in  finding  any  satisfactory 
explanation  in  the  Hungarian  tech¬ 
nical  literature  known  by  me.  I 
found  a  short  description  on  the 
subject  in  your  magazine  which  was 
of  great  help  to  me.  It  appeared 
on  p  156  of  your  Sept.  1,  1957,  issue, 
under  the  title  “Magnetic  Field 
Pickup  Follows  Buried  Cables,”  by 
Roger  R.  Webster  and  James  M. 
Carroll. 

My  request  is  that  you  kindly 
give  me  some  information  about 
the  iron-core  pickup  coil  of  the 
equipment,  as  I  did  not  find  in  this 
description  the  data  I  need.  I  would 
ask  that  you  send  me,  if  possible, 
some  drawings  showing  me  the 
diagram  of  the  iron-core  pickup 
coil,  and  let  me  know  on  what 
theoretical  or  mathematical  princi¬ 
ples  the  construction  of  the  coil 
is  based,  considering  that  the  varia¬ 
tions  in  the  magnetic  field  induc¬ 
ing  respon.se  are  not  even  sine¬ 
shaped  .  .  . 

Losonczy  Lajos 
Dunakeszi,  Hungary 

We  get  letters  from  all  over  of 
this  nature,  which  we  generally 
refer  to  the  authors  involved. 
Author  Webster  sent  reader  Lajos 
a  careful  explanation,  including 
circuit  diagrams  and  mathematical 
formulations,  from  which  we  quote 
only  a  part; 

.  .  .  The  core  was  a  ferrite  ma¬ 
terial  (General  Ceramics  type  Fer- 
ramic  “Q”  with  toroidal  permea¬ 
bility  of  about  100).  The  size  of 
the  core  w’as  about  1-in.  diameter 
by  6  in.  long.  The  coil  was  about 
400  turns,  two  layers,  w’ound  nearly 
the  full  length  of  the  core. 

Although  the  magnetic  field  was 
not  sine-shaped,  we  were  interested 
in  only  the  fundamental  component, 
since  the  harmonics  were  largely 
rejected  by  the  tuned  amplifier. 
Thus,  for  practical  purposes,  we  did 
consider  the  field  to  be  sinu.soidal 
w’ith  an  amplitude  calculated  from 
the  know’n  amplitude  of  the  square 
wave. 

The  design  of  the  coil  was  in- 


TRI  MARK  will  permanently  mark  ANY  surface- 
rough  or  polished— metal  or  textile— hot  or  cold. 
Temperature  range  F.  to  300-400°  F.  Resists 
dyes,  most  acids,  alkalis,  oils,  and  weather.  Suc¬ 
cessfully  used  in  every  industry  under  all  condi¬ 
tions.  Write  on  a  company  letterhead  for  FREE 
sample  (state  color)  and  complete  information, 
colors  available  and  price  list. 

TRI  MARK — the  Ball  Point  Tube  of  color  for  Better, 
faster,  and  more  Economical  Marking  on  ANY  surface 


EXCLUSIVE 

STAINLESS  HARDENED 
HEAT-TREATED 


STEEL  TIP  ^ 
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CHAREST 

RESUME: 


Associate 

Editor 

electronics 


Charest,  Roland  J., 
Boston  University.  BS 
in  Journalism.  Formerly 
New  England  editor  for 
electronics.  Navy  sonar¬ 
man.  Writer,  reporter, 
editor  for  Lynn  Item, 
Boston  Globe,  Boston 
Traveler.  Won  a  New 
England  Associated 
Press  (AP)  award  in  1955  for  writing  feature 
articles  in  the  major  city  newspaper  class. 

PRESENT  OCCUPATION; 

Roily  Charest  supports  Managing  Editor  Jack 
Carroll  for  editorial  content  accuracy  and  expedit¬ 
ing  putting  each  weekly  issue  to  bed.  Roily  reworks 
headlines  for  greater  readability,  is  involved  in 
makeup,  and  helps  polish  editorial  content.  Roily’s 
across-the-board  background  assures  you  accuracy 
in  the  face  of  journalistic  pressures;  articles  in  this 
week’s  issue  that  could  be  held  over  to  the  next 
deadline,  but  are  not.  The  readers’  interests  come 
first! 

REFERENCES; 

If  you’re  not  a  subscriber,  if  your  subscription  is 
expiring,  if  you  will  miss  exciting  features  “in-thc- 
works”  by  elertmiiirs  26-man  staff,  fill  in  box  on 
Reader  Service  Card.  Easy  to  use.  Postage  is  free. 

electronics  ®  ^ 

A  McGraw-Hill  Publication  •  330  W.  42nd  St.,  New  York  36 
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No  quicker,  more  accurate 
way  to  get  information  on 
PRODUCTS  and  SERVICES 
than  .... 

electronics 

BUYERS^ 

GUIDE 

keep  it 
at  your 
fingertips! 


#  (§> 
electronics 

BUYERS’  GUIDE 

A  McGRAW-HILL  PUBLICATION 
330  WEST  42nd  ST.  NEW  YORK  36.  N.  Y.' 

1 


electronic 

EQUIPMENT 

DISTRIBUTORS 


AUTHORIZED 

DISTRIBUTORS 

of 


TUBES  &  EQUIPMENT 
IN  CONNECTICUT 


BOND  R^DIO  SUPPLY,  IRC. 

439  W.  MAIN  ST. 

WATERBURY,  CONN.  •  PLaia  3-1184 
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I  AHENTION  PURCHASING 
I  AGENTS ... 

S  The  distributor  advertisers  in  ELEC* 
s  TRONICS  are  prepared  to  help  you 
^  fulfill  your  requirements.  They  dis* 
s  tribute  equipment  ond  components 
s  for  the  country's  leading  monufoc- 
s  turers  .  .  .  coll  them  .  .  .  and  when 
^  ordering  or  seeking  information 
F  pleose  mention  Electronics. 


tegrated  into  the  overall  design  of 
the  equipment.  We  were  required 
to  deliver  a  certain  output  from 
the  amplifier  when  a  coil  was  placed 
a  certain  distance  from  a  wire 
carrying  a  certain  current.  In  ad¬ 
dition,  the  amplifier  input  im¬ 
pedance  was  to  be  10  ohms.  Other 
requirements  were  placed  on  size 
and  weight. 

Our  problem  was  to  maximize  the 
coil  output  .  .  .  The  optimum  wind¬ 
ing  was  determined  experimentally 
by  winding  several  coils,  loading 
the  coils  with  10  ohms,  placing  them 
on  a  core  in  the  magnetic  field,  and 
plotting  voltage  output  as  a  func¬ 
tion  of  number  of  turns  .  .  . 

Roc.er  U.  Webster 
Texas  Instruments 
Dallas 


Parametric  .Amplifiers 

I  am  a  graduate  in  mechanical 
engineering  now  serving  my  obli¬ 
gated  .service  in  the  Navy  as  elec¬ 
tronics  officer  on  a  destroyer.  Some 
time  ago  I  took  a  subscription  to 
Electronics  in  order  to  become 
better  acquainted,  broadly,  with  the 
field  in  which  I  am  working.  I  have 
found  that  Electronics  not  only 
keeps  me  abreast  of  the  general 
field  of  electronics,  but  it  has  also 
imparted  to  me  much  u.seful  infor¬ 
mation  of  a  technical  nature  which 
allows  me  better  to  do  my  job. 

I  have  read  several  articles  on 
parametric  amplifiers  and  I  think 
I  have  a  sketchy  idea  of  what  they 
are  and  how  they  work.  However, 
I  would  like  to  know  what  their 
capabilities  and  limitations  are 
specifically.  From  what  I  have  read 
it  appears  to  me  that  the  Navy 
could  increase  the  life  and  quality 
of  its  radar  equipment  in  the  fleet 
by  using  better  designed,  lower 
noise  receivers  than  they  now  have 
installed.  This  w'ould  not  only  in- 
crea.se  the  detection  capabilities  of 
i  the  radar,  but  would  probably  cost 
i  the  American  taxpayer  much  less 
than  complete  redesign  and  replace- 
;  ment  of  material  .  .  . 
j  David  L.  Davidson 

I  USS  Gearing 
j  c/o  FPO,  New  York 

We  sent  Ens.  Davidson  what  in¬ 
formation  we  had  at  hand  and 
silently  wished  him  luck. 


ADVERTISEMENT 

On  the  Market  .  . 

Coincidence  Indicator 
saves  circuit  components 

The  KP-150  is  a  subminiature  tube 
glow-discharge  indicator  tube  for 
transistor  monitor  service,  which  elim¬ 
inates  over  o  dozen  other  circuit  com¬ 
ponents  for  coincidence  applications; 
acts  os  on  "and"  gate;  indicates.  Its 
output  may  be  used  os  o  control,  e.g., 
to  close  o  relay.  The  KP-150  operates 
(glows)  only  when  two  coincident,  low 
voltage  signals  ore  applied  to  its  dual 
grids.  This  tube  is  specifically  designed 
for  transistor  monitor  service,  and  re¬ 
quires  very  low  signal  voltage  and 
currents,  thus  preventing 
loading  of  the  test  circuit. 
The  KP-150  operated,  with 
AC  on  the  anode,  is  grid- 
controlled,  that  is,  will 
conduct  (glow)  when  o 
grid  signal  is  present, 
ond  is  off  when  the  sig¬ 
nal  is  removed. 

For  "memory"  applica¬ 
tions,  the  KP-150  may  be 
used  with  DC  anode  sup¬ 
ply.  In  this  cose,  the  op¬ 
eration  is  that  of  a 
conventional  thyrotron. 

The  tube  remains  on 
(glow)  until  the  anode 
current  is  interrupted, 
thus  providing  on  electri¬ 
cal  memory.  A  bright, 
"boll-of-fire"  discharge  provides  ex¬ 
ceptional  visual  indication  which  fills 
the  tip  of  the  tube,  indicating  in  areas 
of  high  ambient  light  without  special 
masking.  No  special  mounting  orienta¬ 
tion  is  needed,  os  the  tubes  may  be 
viewed  from  any  angle.  The  KP-150 
is  in  production  and  in  stock.  For 
further  details,  data  sheets,  etc.,  con¬ 
tact  KIP  ELECTRONICS  CORPORA¬ 
TION,  DEPT.  911,  BOX  562,  STAM¬ 
FORD,  CONNECTICUT. 
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At  Norden  Laboratories... 
there’s  more  than  M  about 
Advanced  Programs,  there  are 
challenging  complex  problems 
being  solved  regularly... 


Our  widely  diversified  programs  in  advanced  areas  require  men 
with  solid  engineering  backgrounds  who  by  employing  a  sound 
business  approach,  can  get  a  job  done.  Norden  is  an  “engineers’ 
company.”  Here  you  can  work  with  modern  equipment  on  many 
important  projects.  You  will  be  associated  with  top  men  in  the 
precision  electronics  field  and  have  available  a  strong  force  of 
support  personnel.  Norden’s  management  knows  and  appreciates 
good  engineering  and  understands  the  problems  engineers  face 
working  in  complex  areas. 

There  are  career  openings  at  two  fine  locations  — 

White  Flains,  New  York  and  Stamford,  Connecticut  — 
for  capable,  creative  men  at  all  levels  of  experience : 


Section  Heads 
Microwave  &  Antenna 
Airborne  Radar  Receiver 
Sonar  Development 

Project  Engineers 

Inertial  Platforms 

Military  Television 

Ground  Support  &  Test  Equipment 

Radar  &  Indicator  Displays 

Systems  Engineers 

Radar  &  Television 

Fire  Control  •  Navigation 

Synthesis  &  Analysis 

Guidance  &  Control 

ASW  Systems  •  Servo  Analysis 

Circuit  Development  Engineers 

Video  &  CRT  Displays 

Radar  Transmitters  and  Receivers 

Transistor  Pulse  Circuitry 

Equipment  Design  Engineers 

Missile  &  Airborne  Television 
Airborne  Radar  &  Fire  Control 
Advanced  Printed  Circuits 
Microminiature  Electronics 

Quality  Assurance  Engineers 
Reliability  •  Standards 
Environmental  Test 
Component  Evaluation 


These  are  some 
Of  the  advanced  protrams 
now  under  way: 


AN/ASB-7  Bomb-Nav  System 


3-Dlmensional  Terrain  Presentation 
for  Low-Flying  Aircraft 


Meteorological  Radar 


Automatic  Tracking  TV  Theodolites 


Inertial  Navigation  Systems 


>  SATURDAY  &  EVENING  INTERVIEWS  ARRANGED  < 

Send  resume  to : 

Technical  Employment  Manager 

NORDEN  LABORATORIES 

NORDEN  DIVISION  OF  UNITED  AIRCRAFT  CORPORATION 

121  Westmoreland  Avenue  — White  Plains,  New  York 

Within  driving  distance  of  entire  New  York  —  New  Jersey  Metropolitan  area 
White  Plains,  New  York  Stamford,  Connecticut 


IN 


MOTOROLA 

SEMICONOOCTORS 


HOME  OF  THE  MESA  TRANSISTOR 


Keep  a  sharp  eye  on  your  professional  horizon 
—  look  into  the  career  opportunities  offered 
by  Motorola’s  fast-growing,  fast-moving  Semi¬ 
conductor  Products  Division.  Immediate  open¬ 
ings  for  junior  and  senior  personnel: 


IN  MARKETING:  Sales  Engineers  •  District 
Managers  •  Contract  Administrators  • 
Product  Planners  •  Applications  Engineers 
IN  RESEARCH  AND  PRODUCTIDN:  Electronic 
Engineers  •  Mechanical  Engineers  • 
Physicists  -  Chemists  •  Quality  Control 
Engineers  •  Process  Engineers  •  Project 
Engineers  •  Reliability  Engineers 

The  working  climate  is  as  attractive  as  the 
living  climate  in  this  famed  "Valley  of  the 
Sun”  resort  area. 

Warm,  dry  and  sunny  the  year  around . . .  plus 
countless  recreational  activities  for  leisure 
fun.  Salaries  commensurate  with  your  abilities 
and  experience . . .  plus  unlimited  opportunity 
for  advancement. 

Investigate  Motorola!  Send  complete  resume 
in  confidence  to 

Mr.  Vernon  Sorenson 
MOTOROLA,  INC. 

Semiconductor  Products  Division 
5005E  East  McDowell,  Phoenix,  Arizona 

SEMICONDUCTOR  PRODUCTS  DIVISION 

MOraROLA 


MESA  TRANSISTORS  SWITCHING  TRANSISTORS 
POWER  TRANSISTORS  SILICON  RECTIFIERS 
AUDIO  TRANSISTORS  SILICON  ZENER  DIODES 
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EMPLOYMENT  OPPORTUNITIES 


AcUie>oe4fteHi  ut  Action, 
at  AVCO  ... 


What 

we  mean  by 


Achievement  is  habit  at  Avco! 
A  leader  in  the  field  of 
atmospheric  re-entry,  Avco  is 
now  providing  significant 
contributions  to  basic  and 
applied  research  in  Space  and 
Missile  Technology. 


and  why  this  concept  is  so  fruitful 
in  valuable  findings  and 
individual  achievement 


Any  problem  -  choKcn  from  the  entire  field  of  elec¬ 
tronics— that  becomes  of  interest  to  the  Laboratory  is  studied 
simultaneously  from  all  relevant  technical  anirles,  by  special¬ 
ized  professional  groups.  The  men  in  these  irroups  maintain 
direct  contact  with  each  other,  exchaninnK  information  on  all 
phases  of  a  program. 

Currant  Inatanoos  of  this  stimulating  professional 
interaction  at  the  Laboratory  are  the  proerams  for  developing 
radically  new  radar  techniques  includinir  the  application  of 
electronically  scanned  antennas  and  parametric  and  maser  type 
low  noise  amplifiers.  Scientists  and  engineers  of  many  Labora¬ 
tory  groups  from  the  materials,  devices,  circuits,  equipments, 
and  systems  points  of  view  will  make  important  contributions 
to  these  efforts.  Such  programs  will  lead  to  the  development  of 
significant  improvements  of  the  data  handling  capacities  of 
complex  radar  systems. 

SIpnilleant  prograaa  in  these  and  other  programs  is 
regularly  covered  in  formal  and  informal  conferences  and  in 
technical  reports  circulated  to  all  groups.  Representative  re¬ 
port  titles  listed  below  indicate  how  far-reaching  age  the  inter¬ 
acting  investigations  involved ; 

Ftrrite  for  Fundomontal  Radar  Sansora 

Microwava  Fraquaociaa  Limitations  of  for  Raconnaissanca 

6y  J,  B.  Linker  and  Cxtarnal  Noi%a  Sataltitas 

H.C.Rothenbtrg  by  H.H.  Grimm  by  F.  R.  Oickty.Jr. 

Parametric  Convartar*  MASER  work  in  the  Binary  Asynchronoui 

and  Amplifiars  Electronics  Laboratory  Multiplex  Systems 

by  C.  S.  Kim  by  G.  K.  by  F.  A.  Rtibtrt 

Multiple  Frequency  On  a  Theory  of  An  Electro-Optical 

Parametric  Devices  Boolean  Functions  Shift  Register 

byH.Htu  byS.B.Aker*  byT.E.Bray 

Laboratory-wldw  Intagratlon  of  varied  talents  is 
credited  by  scientists  and  engineers  here  with  contributing  sig¬ 
nificantly  to  their  professional  accomplishments  and  personal 
development.  It  is  also  valued  ar,  a  prime  ingredient  in  the  con¬ 
tinuing  intellectual  appeal  the  Professional  Staff  finds  in  the 
Laboratory's  diverse  R  &  D  undertakings. 


Supervisory,  Senior  and  Junior  positions 
are  available  in  these  areas: 


Attractive  working  environment  outside 
of  metropolitan  Boston.  The  large,  fully 
equipped,  modern  laboratory  is  close 
to  Boston  educational  institutions  and 
cultural  events.  The  division  offers  a 
liberal  educational  assistance  program 
for  advanced  study. 


PROPBSSIONAL  OPPORTUNITIBS  AT  RLACTRONICS  LAB 

The  Electronics  Laboratory  engages  in  applied  research  and  advance 
development  covering  the  entire  field  of  electronics.  More  than  70  per¬ 
cent  of  the  Professional  Staff  have  advanced  degrees.  Openings  for 
PhD’s  and  experienced  MS  men  exist  in  the  following  areas: 

Solid  State  Materials  •  Solid  State  Devices  •  Network  Synthesis  •  Advanced 
Circuitry  •  Electron  Devices  •  Communication  Theory  •  Recording  Devices  • 
Display  Techniques  •  Light  Optics  •  Electron  Optics  •  Radar  Techniques  • 
Antennas  •  Microwave  Devices 


Forward  your  inquiry  to: 

Mr.  Richard  Rubino 

Scientific  and  Technical  Relations 

Dept.  E-10. 


For  further  information  about  current  openings  in  any 
of  the  above  areas,  contact  Mr.  Robert  F.  Mason,  I>ept.  69  WO 

RLBCTRONICB  LABORATORY  Located  at  Elect'ronica  Park 


ELECTRIC 


GENERAL 


201  Lowell  St..  Wilmington,  Mass. 


ELECTRONICS 


•\ 


A 


1 


1 


EMPLOYMENT  OPPORTUNITIES 


■  RADAR  SYSTEMS  DESIGN 
ENGINEERS 

[iptrltntt  In  dtiign,  dtvtlopmnnl  i  onoly* 
til  of  oirborn*  tyttnms  including  fir*  control, 
roconnoiitonco,  navigation,  bombing,  otc. 
Sub-iyitom  oipcritnco  in  radar  K  comput* 
ort  detlrablo, 

■  RECEIVER  ENGINEERS 

Capable  of  doiigning  traniiiloritod  IF  ttripi, 
troguency  multlpllort  and  oicillatori,  video 
dtitclort  ond  twilebing  circuitry. 

■  DESIGN  ENGINEERS 

ISMC  with  5  yoart  oiporionco  in  dotlgn,  do* 
vtlopmoni  t  modification  ol  a  military 
tltctro-mochanicol  dovico  for  trolnori  t 
limulatori.  Frovioui  onporlonct  in  layouts, 
fobricatlon  t  modol-moklng  highly 
dosiroble. 

■  TEST  ENGINEERS 

■III  with  oiporionco  in  totting  of  military 
•l•ctro■mechanlcal  t  airborno  oloctronic 
training  dcvicot.  Should  bo  familiar  with 
eloctrenic  counters,  environmental  letting  & 
electronic  circuit  design. 

■  SENIOR  MATHEMATICIANS 

iaperience  in  mathematical  onoly  tit.  Work'i 
ing  famiiiarily  with  circuit  theory,  informa¬ 
tion  theory,  game  thee^  and  tiochattic 
procesi  techniques,  tiperlence  in  rodar  mil¬ 
itary  weopont  or  mittile  tyttemt  highly 
desirable. 

■  ENVIRONMENTAL  TEST  ENGINEERS 

Extensive  experience  in  design  of  military 
electronic  equipment  with  emphasis  in  en¬ 
vironmental  testing.  Should  be  familiar 
with  operation  of  temperature  t  humidity 
chambers,  altitude  chombert,  vibration  ma¬ 
chines  (low  t  high  frequency),  radio  noise 
t  interference  equipment  t  airborne  t  ship¬ 
board  shock  mochinet. 


■  SYSTEMS  DESIGN  ENGINEERS 

■road  experienco  desired  In  weopont  tyt¬ 
temt.  Creative  and  analytical  abilities  re¬ 
quired  in  missile  guidance  tytlemt,  radar 
I  R,  inertial  devices,  computers,  counter¬ 
measures,  etc. 

■  CIRCUIT  DESIGN  ENGINEERS 

3  to  S  years  experience  in  design,  modifica¬ 
tion  ond  losling  of  pulse'  ■  gating  circuits, 
video  displays,  digital  circuitry,  digital  stor¬ 
age,  digital  communications,  tape  record¬ 
ings  t  process  equipment.  Project  concerns, 
research,  installation,  totting,  development 

■  modification  of  experimental  data  proc¬ 
ess  equipment. 

■  ELECTRONIC  PACKAGING 
ENGINEERS 

Electronic  packaging  experienco  on  Iran- 
sistoriiod  circuitry.  Printed  circuit  back¬ 
ground  necessary,  knowledge  of  design 
requirements  for  shock  ■  vibration  protec¬ 
tion  desired. 

■  LOGIC  CIRCUITRY  DESIGNERS 

■SEE  Math  or  Physics  degree  required,  2-3 
years  experience  In  programming  and/or 
logic  circuitry  design  of  digital  computers. 

■  CABLE  TRANSMISSION  ENGINEERS 

Minimum  of  5  years  experience  in  cable 
transmission.  Background  shAuld  include 
familiarity  with:  Transmission  Equotions, 
Measurements  ond  Statistics. 

■  TECHNICAL  WRITERS 

Positions  require  experience  in  writing  op¬ 
eration,  maintenancr  and  instruction  ma¬ 
terial  for  complex  airborne  military  elec¬ 
tronics  system.  Training  aids  and  instruction 
experience  highly  desirable.  Familiarity 
with  military  equipment  through  actual 
technician  training  necessry. 


TO  WORK  IN... 


...TO  LIVE  IN 

At  Sylvania’s 
Mountain  View  Operations 
in  California 

(SAN  FRANCISCO  BAY  AREA) 

you*ll  discover 

more  than  just  one 

kind  of  climate. 

PROFESSIONAL  CLIMATE- Advanced 
programs  will  challenge  your  techni¬ 
cal  creativity.  You’ll  make  major  con¬ 
tributions  in  the  fields  of  electronic 
defense,  radar,  communications  and 
data  processing  systems.  Because 
Sylvania  is  one  of  the  nation’s  fast¬ 
est  growing  electronics  organiza¬ 
tions,  there  are  an  unusual  number 
of  growth  opportunities. 

LIVING  CLIMATE— You  and  your  family 
will  enjoy  the  healthful  atmosphere 
and  sunny  climate  of  the  San  Fran¬ 
cisco  Peninsula.  You’ll  find  plentiful 
housing,  excellent  shops,  fine  schools 
and  year  round  recreation. 

Openings  in; 

System  Stxdics  /  Cirexit  Dcsion  '  Compitirs 
&  Data  Handlinq  /  Electronic  Packapinp 
Deeclopment  Engineering  /  Concept  t  Plan¬ 
ning  /  Advanced  ECM  Circaitry  Egoipment 
Development  /  Prodoct  Engineering  Take 
Engineering  /  Take  Application  Engineering 
/  Mechanical  Engineering  /  Take  Prodaction 
Engineering  /  Theoretical  Physics  Experi¬ 
mental  Physics  /  Mathematics  Microwave 
Engineering  /  Engineering  Writing  Take 
Research  Engineering 

You  may  communicate  in  confidence' 
to  Wayne  L.  Pearson 

Mountarn  Vre»  Operations  /  SVLVXNIA  CLCCTItONIC  SVSrCMS 

-▼SYLVANIA 

■aabmAMfyd*  (i— mi  ) 

CE:NEIUL  TCUirHONK  A  EtXCTIIONirS 

P.O.  Box  188 

Mountain  View,  California 


STAVID’i  facilities  in  Plainfield,  New  Jersey,  ot  the  foothills  of  the 
Wotchung  Mountoins,  ore  neor  excellent  schools,  modern  shopping 
focilities  and  omple  housing  accommodations.  With  New  York  City 
iust  45  minutes  away,  and  the  New  Jersey  shore  within  one  hourU 
drive,  the  Plomfield  areo  provides  an  ideal  environment  for  work, 
recreotion  and  comfortable  suburbon  living. 

DURING  NATIONAL  ELECTRONIC  CONFERENCE 

CHICAGO.  IlllNOIS  OCTOBER  12-14lh 
STAVID  representatives  will  interview  in  Chicago. 

To  arrange  oppointment  on  Conference  dotes.  Coll: 

MR.  J.  R.  CLOVIS,  FRANKLIN  2-2100 

or.  for  romplRl*  dsfodi,  pleosv  tood  rvivm*  ia  conAdvnet  to 

J.  R.  CLOVIS,  Personnel  Department  “IR" 

\ri Engineering,  ine. 

U.S.  HIGHWAY  22.  PLAINFIELD,  NEW  JERSEY  PLAINFIELD  7-1600 


E  N  G I N  E  E  R  S  ■RfSSBSB*!?' 

A  FINER  CLIMATE 


ELECTRONIC  ENGINEERS 


offers  all  3  most  importarit  position  considerations: 

CAREER  OPPORTUNITIES  based  on  solid,  long-term  growth  .  .  . 

TOP  EARNINGS  fully  commensurate  with  experience  .  .  . 
CHALLENGING  ASSIGNMENTS  mode  possible  by  project  diversification. 
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EMPLOYMENT  OPPORTUNITIES 


ELECTRONIC 

ENGINEERS 

A  loodinq,  indopondont  rosoareh  orqanisa* 
tion  has  two  positions  aToilablo  ior  mon 
with  BS  or  MS  doqroos  in  oloctronic  onql- 
noorinq  Irom  accroditod  eolloqos.  Mon 
with  l-IO  yoars'  oxporionco  in  dovolop* 
mont  of  vacuum  tubo,  transistor  or  rolay 
circuits,  or  rocont  coUoqo  qraduatos  will 
bo  considorod.  Salary  commonsurato  with 
qualilications.  Intorostinq,  unusual  work 
in  data  transmission  and  rotriovol  and 
diqital  computinq.  Non-military  work 
within  small  qroup.  Individual  oflort  roc- 
oqnisod^qood  iob  socurity — idoal  workinq 
conditions.  All  bonoiits.  Lonq-ostablishod 
firm  locatod  on  Chicaqo's  North  Shoro. 
Forward  your  rosumo  in  confidonco. 

P-*i4»4  Hlectronlos 
S20  N.  MU'hiKan  Ave.,  ('hicaKO  H.  Hi 


INSTRUMENT  APPLICATION  ENGINEER 
Lsrfe  industrial  Initrument  manufacturer  has 
openinit  for  youno  fraduate  anfinaors  in  expand¬ 
ing  Application  Engineering  Department.  Require 
several  years'  experience  with  electrical  or  elec¬ 
tronic  equipment,  and  interest  in  assisting  cus¬ 
tomers  with  their  instrument  problems.  Some 
traveling.  Plant  located  in  suburban  New  Eng¬ 
land  Town  away  from  big  city  confusion.  Drive 
to  work  in  ten  minutes.  Send  resume  to 
P.27M.  Kl»«<'lrnni(N 

riuHK.  A.Iv.  IHv..  IMI.  ILix  V2.  N  Y.  'M.  N  Y. 


ASST.  CHIEF  ENGINEER 
$19,000 

Our  client  needs  NOW  a  man  to  head  up  Naviga¬ 
tional  Lab  of  a  Major  Corp.  You  will  be  in 
complete  charge  of  the  design  and  development 
of  navigational  guidance  equipment  and  systems. 
Report  to  Corporate  Chief  Engineer. 

ESQUIRE  PERSONNEL 

202  S.  Stato  St.  Chicaqo  4,  Illinois 


Electronic 

Sales 

Engineer 


W*  ar*  a  pionaar  manuiacturar  (aalablishad 
lt34)  oi  on  axpondinq  praatiqa  Una  oi  praei- 
■ion  alactronie  inatrumanls. 

Wa  raqulra  a  young  man  with  E.E.  dagraa 
or  aquivalanl  and  up  to  3  yaora'  axparianca 
with  alactronie  aquipmant. 

You  will  bo  raaponilblo  ior  cuatomor  liaison, 
ordor  procatsinq  and  ichodulinq  and  appli¬ 
cation  anqinaarinq  in  our  boma  oiileo. 

You  will  snioy  idaal  country  llTinq  (1  hour 
N.Y.C.)  &  tbs  iniormal  atmoapharo  oi  a  110011, 
growing  compony. 

Plaaxa  iorward  complata  reaums  to 

BOONTON  RADIO  CORP. 

A  Subtidiary  of  Hswfstt-Packard  Co. 

BOONTON,  NEW  JERSEY 


Attractive  Career  Opening  For 

SR.  ELECTRONICS  ENGINEER 

STANLEY  AVIATION  CORP.,  DENVER,  COLO. 

"Lotated  in  fhn  Cfimofs  Capifo/  of  tho  World** 

BS  in  EE  or  Physics^-odvanced  degree  preferred.  Heavy  experience  and  proven  ability  in 
systems  design  and  development  of  instrumentation,  automotic  control,  computation  and 
communication  systems  in  areas  of  avionics,  guided  npissile  flight  and  ground  support  or 
related  fields. 

Desirability  to  create  ond  sell  development  ideas  to  military  ond  commercial  customers  and 
to  supervise  small  electronics  group  in  execution  of  resultant  engineering  projeets. 


for  Comp/efe  In¬ 
formation  on  this 
and  OTHER  open¬ 
ings — fiti  in  coupon 
and  a  conAdenfio/ 
interview  will  be 
arronged  in  the 
near  futuro 


Mr.  TOM  DALTON 
StonUy  Aviotion  Corp. 

2501  Dollos,  Denver,  Cole. 


CITY,  ZONE,  STATE  . 

POSITION  INTERESTED  IN 


w. 


SCIENTISTS /  ENGINEERS 


W  hich  area  of  progress 
at  Electronics  Park 

interests  you  most? 

With  the  outlook  for  the  elcttronics  industry  in  lyfit)  brighter 
than  ever,  a  significant  fact  for  career-conscious  engineers  is  the 
breadth  of  opportunities  at  Electronics  Park.  Here  General  Electric 
research,  development,  design  and  manufacturing  groups  are  actively 
engaged  in  almost  every  area  nf  electronics — whether  in  the  industrial, 
military,  or  entertainment  fields. 

A  cross  fertilization  of  products  and  talents  characteristic  of 
Electronics  Park  will  help  you  advance  along  with  the  major  advances 
in  the  electronics  art. 

Some  of  the  many  areas  of  research,  development,  and  pro¬ 
duction  at  Electronics  Park  are  listed  to  the  right.  Check  your  particular 
interest  and  mail  the  coupon  U)  us  today.  Requirements  for  our  current 
openings  include  a  Bachelor's  or  Advanced  Degree  in  Electronics, 
Physics,  Mathematics,  or  Mechanical  Engineering,  and/or  experience 
in  electronics.  All  communications  will  be  held  in  strict  confidence. 


To;  GENERAL  ELECTRIC  COMPANY 

Electronics  Park  Diw.  69  WO 

Syracuse.  New  York 

Att.:  Technical  Personnel  Dept. 

I  am  interested  in 
Q  Advanced  Development 

□  Design 

□  Field  Service 

□  Technical  Writing 

□  Research 

in  the  field  of 

□  Military  Radio  &  Radar 

□  Multiplex  Microwave 

□  Semiconductors 

□  Electronic  Components 

□  Computers 

□  Missile  Guidance 

□  Television  Receivers 

□  Industrial  Television 

□  Antennae 

□  Defense  Systems 

□  Underwater  Warfare 


GENERAL 


ELECTRIC 
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EMPLOYMENT  OPPORTUNITIES 


SEARCHLIGHT 

SECTION 


Adverttsing) 


dUSINfSS  OPPORTUNITIES 


EQUIPMENT  •  USED  or  RESALE 


RADIO  RESEARCH 
INSTRUMENT  CO. 


"HOW  TO  MAKE  MONEY 
Mobile  Radio  Maintenonce" 


SAMUEL  K.  MACDONALD,  INC. 

manufacturers  representatives  over  25  years 

1531  SPRUCE  STREET,  PHILA.  2,  PA. 

Tvrrife/Y-  |  0#A»r  OfAcoi: 

Porintylvanio  •  Now  Jtrtoy  I  PiMtburgh 

Oelewort  •  Morylond  I  Boltimore 

Virginto  •  Wotf  Virginio  I  Wothington,  D.C. 


POSITION  VACANT _ 

Electrical  Engineers.  Evaluate  Instrument 

8yHtefn».  eKtablif>h  calibration  and  operation 
procedures.  Procurement,  acceptance  testing 
and  shakedown  of  new  instruments  required 
in  wind  tunnel  testinK  of  models  and  propul¬ 
sion  systems  of  rockets  and  missiles.  Estab¬ 
lish  preventive  maintenance  procedures.  Mon¬ 
itor  data  quality  and  improve  instrumenta¬ 
tion.  Send  resume  and  salary  requirement.s 
to  Technical  Employment.  ARO,  Inc.,  Tulla- 
homa.  Tenn. 


CREATIVE  PHYSICIST 


ELECTRICAL  ENGINEER 


D«velos  advanced  equipment  for  semi-conductor 
manufacture.  Two  senior  positions  open  at 
Manufacturini  Laboratory  In  Forest  Hills.  Penn¬ 
sylvania. 

Requires  M.S.  or  equivalent  In  Physics  or  Elec¬ 
trical  Eneineering  with  major  In  solid  state  and 
three  to  five  years  experience  in  this  field. 
Attractive  salary,  benefit  programs,  and  promo¬ 
tional  opportunities  for  the  qualified  applicants 
selected. 

Send  resume  and  detailing  accomplishments  and 
salary  requirements  to: 

R  L  SAUER 

WESTINGHOUSE  ELECTRIC  CORPORATION 
P  O.  BOX  777B 

PITTSBURGH  30,  PENNSYLVANIA 


offers  unique  opportunities  to 


SELLING  OPPORTUNITY  WANTED _ 

Electronic  Company  Vice  Preoldent.  3<.  BA. 

thnrouRhly  experienced  all  facets  company 
administration,  leavini;  for  Orient.  1960, 
consider  employment  Representative  of/or 
agent  for  American  Company.  RA-2802. 
Klectronics,  112."»  W.  6th  St..  Los  Angeles 
17.  Cal. 


Industrial  Product  Planning 
and  Market  Research 


Your  Inquiries  to  Advertisers 
Will  Have  Special  Value  .  .  . 

—for  you  — the  ad.rrtiwr— and  the  publisher.  If  you 
inention  this  publication.  Advertiaen  value  highly 
thl.  evidence  of  the  publication  you  read.  Satisfied 
ailvertlsers  enable  the  publishers  to  secure  more  ad¬ 
vertisers  and — more  advertisers  mean  more  infor¬ 
mation  on  more  products  or  better  service — more 
valui^to  VOl’. 


Challenging  techno-economic  re¬ 
search  pasitlons  for  men  with  BSEE 
degrees  and  five  years  experience 
in  product  design,  product  planning 
or  industrial  marketing  in  the  elec¬ 
tronics  field. 


S50 

FIFTH  AVE. 
NEW  YORK 
JUDSON 
6-4691 


Research  programs  in  our  Eco¬ 
nomics  Division  involve  top  level 
contacts  with  manufacturers  and 
users  of  electronics  equipment  to 
determine  specifications  and  markets 
for  COMPUTERS,  MICROWAVE  DE¬ 
VICES,  CONTROL  DEVICES,  OFFICE 
EQUIPMENT,  INSTRUMENTATION 
AND  COMPONENTS, 


1  MEGAWATT  PULSER 


ERCO  RADIO 
LABORATORIES,  INC. 

Rjdio  Communicatioai  Eiiuipmerit 

Knk:in<‘erina  I»esiRn  Drvrittiimem  -  l*r«Hluriln 
Our  30th  Year  In  .Air  to  Grouml 
('oiiimuniratiiin  and  Radio  Kearon- 
(jarden  Tiiy  •  lairiK  Uland  •  New  York 


.MIT  Uailiation  puber.  DeNC.  in 

'Rad.  I.ah  Series  '  Vol.  5.  pps.  K'l^-iHO  Supplies 
1  ineKX^att  output  Uhihk  >><'21  tu)N>s.  rniiiplete 
luuflulator  Il.%v  (»u  eyeie  input  eticloistHi  in  Mnttle 
eahinet.  Al.so  22mMK  povier  suppb  tor  MiaKn<‘tron 
in  Nwond  mbinet  .\s  new  comlition  In  stock  tor 
iiiinifftiate  dellvory. 

AN/APS-IO  3  CM.  X  BAND  RADAR 
(‘otiipiete  KF  head  ineludinK  tran.sinitter.  r»‘celver, 
modulator.  Tses  2J42  mattnetron.  F'ully  describ'fl 
in  MIT  lUd.  l-ah.  Serl»*s  Vol.  I.  pp>.  rtl6-«2ri  and 
Vol.  II.  pp-..  17l-18.'i.  $.37.*. mi.  (’omplete  X  hand 
radar  Hysteiii  alvT  avail,  inel.  3(lO-deK-  antenna. 
I*ri.  syn.  pwr  .supply.  Similar  to  $17. mx)  weather 
ladar  n»iw  in  use  by  airlines.  $7.'>0  complete. 

10  CM.  WEATHER  RADAR  SYSTEM 
rs  Navy  l(a.vth«Hin  27.*.  K\V  pi-ak  output  S  band. 
Itotatiim  \oke  IMan  position  Indieator.  Macneiron 
stippliefl  for  any  S  l»and  frwjueney  sp«ritied.  incl. 
\Vt»aiher  Uaml.  4.  2i»  and  8n  mile  lanjte,  .'imi  tleKrts* 
Azimuth  M-an.  Seiistti\e  re\r  usini;  2K2>‘/7<iTR  and 
IN21H.  Supplied  brand  new  eomplete  with  instruc¬ 
tion  book'i  and  installation  drawinits.  ran  be  sup¬ 
plied  to  operate  from  32VJM'  or  Il.’i  \oIts.  I*rice 
$ii.%«.  Ideal  for  weather  wfirk.  Has  picknl  up 
clouds  at  rin  miles.  Weight  4SH  lbs. 


Responsible  assignments,  industrial 
level  salaries  and  desirable  San 
Francisco  Bay  Area  living  comple¬ 
ment  an  atmosphere  conducive  to 
professionol  growth  and  develop¬ 
ment. 


TELECHROME  MFC.  CORP. 


Electronic  Design  SpeciMisls 

COLOR  TELKVISION  yXjril’MENT 
Flying  spot  S<‘aonerB.  Color  Synthetiiaers.  Kryeri. 
Miiniton.  OsrllloACiipen  and  Related  Apparatus 
Telemetering  for  Guided  .MItiiles. 

J.  H  Popkin-Clurman,  Pres  4  Dir.  of  Rng. 

2H  Raniek  Hr  Aniityvilie.  L  1..  N.  Y 


Menlo  Park,  California 


CIRCLE  460  ON  READER  SERVICE  CARD 


standard  brands— military  surplus 
(new  or  professionally  reconditioned) 
experienced  problem  solvers  and  budget- 
cutters 

ENGINEERING  ASSOCIATES 
434  Patterson  Road  Dayton  19,  Ohio 

CIRCLE  461  ON  READER  SERVICE  CARD 


SEMI-CONDUCTOR 
ENGINEERS 
DAYTONA  BEACH 
FLORIDA 

AREA 


WWITg  TOOAY1 


CIRCLE  464  ON  READER  SERVICE  CARD 


Antique  Su 

TELEPHONES  f 

***  (lertirative  ^ 

rirruit  only.  Write  for  roniplt-te  Hat. 

All  shipitients  FOR.  Siinpnim  Pa. 

TELSeHONC  ^ENGINECNIN^  CO. 

CIRCLE  462  ON  READER  SERVICE  CARD 


Toroidal  Inductors 
Transformers 
Converters  / 
MAG-AMPS  /, 


^  /  INC. 

O  / 

^  /  6  Richter  Ct. 

V  /  East  Northport 
/  L.  I..  New  York 
/  Our  Specia/fy: 

TOROIDAL  WINDING 


Bracketed  lor  a  future  of  creative 
engineering  opportunity  and  the 
beet  in  Year-Round  Living.  Thii 
advertisement  is  not  placed  for  the 
purpose  of  recruiting  engineers  lor 
any  one  company,  but  in  a  sincere 
desire  to  assure  the  firms  on  this 
field,  now  exploring  Florida,  that  a 
bonus  in  better  living  will  attract 
important  engineering  talent.  Strict 
confidence  will  be  observed  and 
your  professional  status  respected. 
No  direct  contact  will  be  permitted 
or  will  your  name  be  disclosed 
without  your  expressed  consent, 
after  the  companies*  names  are 
made  known  to  you.  May  we  send 
ycu  information  relating  to  this 
interesting  potential.  Advise  quali* 
fications  in  detail  or  simply  wire 
**yes*'  coJiecf  with  name  and  ad¬ 
dress.  R.  H.  MILES,  Industrial  Man¬ 
ager;  Daytona  Beach,  Florida. 
Chamber  of  Commerce. 
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WANTED 

ALLEN-BRADLEY 

RESISTORS  &  POTENTIOMETERS 

LEGRI  S  COMPANY 

391  Riverdale  Ave.  Yonkers  5,  N.  Y. 
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MANUFACTURERS' 

REPRESENTATIVES 

IN  THE  ELECTRONIC  INDUSTRY 


LOOKING  FOR 

USED/SURPLUS  ELECTRONIC 

EQUIPMENT/COMPONENTS? 

For  an  up-to-date  listing  of  such  equip¬ 
ment  see  Searchlight  Section  of  Oct.  9th 
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Stock  Type  Y25  illustrated 


C'ornell*l>iihllier 
Cubic  C'orporatlon 


Macihoiald  Inc.  Sumnel  K  . 
>laffnetlc«»  Inc.  .  . 

MIMeii  Mfr-  C  «!..  Inc.  .lamen. 


llano  Fieetric  C'ompaiiy.  The . 

l>e.I»ir- AmMM»  C'orp . 

lleM«irnay-Koiiiirill  . 

Illlectrix  Corponition  . 
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Iliil’ont  He  Nemfktirs  X  Co.  (Inc.)  F'. 
INdychemlcaK  Dept . II, 

l>yna«'<»r.  Inc.  a  Subsidiary  of 

.sprasiie  Fiectric  C  o  . 


National  CarlMiii  Company . 

Newa  rk  Fiectric  Co  .  . 
Nortb  Americiin  Ablation.  Inc 
North  \tlaiitl4-  Industries  Inc 
Nof^h  Field ric  C  ompany . 


OTHER  ROTATING  TYPES  avail¬ 
able  with  fixed  off-centering  or  rotating 
off-centering.  Many  mechanical  and 
electrical  variations. 

FIXED  TYPES  with  push-pull  wind¬ 
ings.  Low  current  coils  for  slower 
sweep  speeds.  Low  Impedance  colls 
for  transistor  drives. 

Neck  diameter,  core  material,  configu¬ 
ration,  deflection  angle  and  electrical 
design  to  your  precise  spec.  For  en¬ 
gineering  help, contact  Dr. Henry  Marcy 
today. 


IVrfcclIoii  Mica  Co . 

I'crklii  FiiKlnccriiiK  C'orp  .  II 

INdarad  Fic4-f  ronh-s  Cor|M»ratlon  .  .  . .  Al 
INdytccbnIc  Kcscari'h  ami  l>ct  clopmrnt 


Ka<lio  Cor|M»ruti«in  of  .\mcrlca 


Kailhk  Kcccptor  C'«»mpaiiy 
Ka.vthc4Mi  C  ompan> 

Kotnui  Mf«:.  Co.  Inc . 


Ctciicral  Ficctrh' 
ScmU'ondifctor 
Tnbc  Hept. 


Tmliicts  Dept 
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PUBLISHER'S  page 


AN  AVERAGE  SUBSCRIPTION  to  Elkctronics  costs  about 
six  dollars  a  year.  In  1959  this  will  deliver  53  issues 
(including  the  Buyers’  Guide  and  Reference)  containing 
more  than  2,900  editorial  pages  and  perhaps  4,500  pages 
of  advertising. 

Both  editorial  and  advertising  pages  are  of  interest  and 
value  to  the  indu.stry  or  they  wouldn’t  be  there. 

The  average  subscriber  to  Electro-nk’s  is  spending  82 
hours  a  year  reading  the  magazine.  Conservatively  esti¬ 
mating  the  value  of  such  a  reader’s  time  at  $300,  this 
means  that  52,000  subscribers  will  spend  nearly 
$16,000,000-worth  of  their  time  this  year  reading  the 
publication,  paying  about  $300,000  for  the  privilege. 


PROFESSIONAL  SERVICES 


142 


CLASSIFIED  ADVERTISING 
F.  J.  Eberle,  Business  Mgr. 


EMPLOYMENT 

OPPORTUNITIES  . 138-142 

EQUIPMENT 

(Used  or  Surplus  New) 

For  Sale  .  142 

WANTED 

Equipment  .  142 


WE  ARE  COMFORTED  in  real  measure  by  the  fact  that  so 
many  spend  so  much  time  reading  Electronics  in  prefer¬ 
ence  to  other  magazines.  Why  do  they  do  so? 

In  our  kind  of  business-paper  publishing,  editorial  costs 
necessarily  loom  large,  currently  well  up  in  six  figures.  In 
addition  to  payroll,  there  is  the  important  item  of  travel. 
Not  travel  for  sales  purposes,  but  for  the  purpose  of 
keeping  editors  in  constant  and  intimate  touch  with  this 
indu.stry,  yours  and  ours. 

There  are  payments  to  authors  for  manuscripts,  charges 
for  truly  effective  illustrations,  costly  proofreading  and 
engravings,  and  for  research.  Not  research  for  sales 
purposes,  but  research  that  is  wholly  internal  and  involves 
thou.sands  of  dollars  spent  to  be  certain  that  editorial  aims 
are  intelligently  directed. 


ADVERTISERS  INDEX 
Avco  Research  A  Advanced  Development.  139 


Boonton  Radio  Corporation .  141 

Daytona  Beach  Area  Industrial  Dept...  142 

Engineering  Associates  .  142 

Esquire  Personnel  .  141 

General  Electric  Company . 139-141 

Legri  S.  Company .  142 

Motorola  Inc .  138 

Norden  Laboratories,  Norden  Div.  of 

United  Aircraft  Corp .  138 

Radio  Research  Instrument  Co .  142 

Stanford  Research  Institute .  142 

Stavid  Engineering,  Inc .  140 

Stanley  Aviation  Corp .  141 

Sylvania  Electronic  Systems,  sub.  of 

General  Telephone  St  Electronics .  140 

Telephone  Engineering  Company .  142 

Westinghouse  Electric  Corp .  142 


Electronics  IS  PROUD  of  its  membership  in  the  Audit  Bureau 
of  Circulation,  joining  those  hundreds  of  publishers  who 
believe  that  publications  whose  editorial  content  is  out¬ 
standing  will  be  cheerfully  paid  for,  and  that  the  modest 
price  will  be  repeatedly  paid  for  the  privilege  of  reading. 

The  next  time  you  look  at  a  copy  of  a  business  maga¬ 
zine  look  at  the  listing  of  editors,  the  table  of  contents. 
Do  you  feel  that  the  magazine  in  many  respects  repre¬ 
sents  a  quality  product  in  it’s  field?  If  you  do,  the  chances 
are  you’ll  find  the  ABC  symbol  on  the  index  page. 

And  accept  this  continuing  pledge  from  the  publisher 
and  the  editorial  staff  of  Electro.nics:  We  will  continue 
to  strive  for  the  betterment  of  the  product  each  w^eek, 
determined  to  lead,  determined  to  continue  justifying  the 
subscription  price  and  your  reading  time. 


ThU  Index  it  publlthed  at  a  tanriee.  Every  earc  it  taken 
to  make  It  accurate,  but  ELECTRONICS  attumet  no 
retoontibilltlee  for  errort  or  omiulont. 


Publisher 
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HERE’S  WHY 
THE  KIN  TEL  lllBF  DC 
AMPLIFIER  IS  THE 
BASIC  COMPONENT 
FOR  ACCURATE,  DRIFT-FREE 
AMPLIFICATION  OF 
MICROVOLT- LEVEL  SIGNALS 


111 BF  DC  amplifiers  in  Model  195 
single-amplifier  cabinet  and 

Model  190  six-amplifier  19"  rack  module. 


KIN  TEL  lllBF  DC  wideband  amplifiers  allow  extremely 
accurate  measurement  of  dynamic  physical  phenomena 
such  as  strain,  temperature,  vibration,  pressure,  flow, 
torque,  and  displacement.  They  greatly  simplify  the  design 
of  data  measurement  systems,  offering  more  bandwidth 
and  accuracy,  reduced  maintenance,  and  none  of  the  capaci¬ 
tive  balance  problems  inherent  in  AC  carrier  equipment. 
KIN  TEL’s  proved  chopper  amplifier  circuitry  with  multiple 
feedback  loops  assures  operational  stability  and  uniform 
frequency  response  regardless  of  load  or  gain  changes.  The 
capability  of  providing  full  bandwidth  and  full  output  into 
large  capacitive  loads,  at  high  gain  settings,  places  virtu¬ 
ally  no  restrictions  on  the  type  of  output  device  that  can 
be  driven  and  allows  the  use  of  longer  output  cable  runs. 
The  lllBFO,  an  operational  version  of  the  lllBF,  has  an 
open-loop  position  instead  of  a  zero-gain  position.  In  this 
I>osition  the  u.ser  may  employ  external  networks  to  provide 
up  to  lOO'J  resistive  or  capacitive  feedback  around  the 
amplifier,  allowing  its  use  as  an  integrator,  active  filter, 
or  to  generate  complex  linear  transfer  functions. 

Many  thousands  of  KIN  TEL  DC  amplifiers,  with  millions 
of  cumulative  hours  of  operation,  are  in  day-to-day  use. 
Virtually  all  nvijor  missile  program.s-including  ICBM- 
employ  kin  tel  DC  amplifiers  in  ground  support  instru¬ 
mentation. 


•  Less  than  2/iV  drift  for  lOO’s  of  hours 

•  DC  -  40kc  bandwidth 

•  0.1%  gain  stability 

•  -  45v,  -  40ma  output 

•  lOOkL*  input,  <  lit  output  impedance 

•  20  to  2000  gain 

•  Full  output  into  l^f  loads 

•  Integral  power  supply 

Prices: 

lllBF  DC  .•Vmplifier . 

lllRFO  DC  Amplifier .  $03;) 

1!).')  .Single-amplifier  Cabinet .  $12.’> 

1!)0  Six-amplifier  111"  Back  .Module.  . . .  $2‘J.j 

Immediate  delivery  from  .stock  on  reasonable  quantities. 

(Note:  Amplifiers  must  be  operated 
in  11)0  Moiluleor  11).">  Cabinet.) 


KIN  TEL  manufactures  electronic  instruments 
for  measurement  and  control,  and  dosed  circut  TV. 
Representatives  in  all  major  cities. 

Write  for  detailed  literature  or  demonstration. 


5725  Kearny  V'illa  Road,  San  Diego  1 1 ,  California.  Phone :  BRowning  7-6700 


Typictt  C«U( 


Sttufitttf 

•'■gfttntu 

tooliaAbtfti 


ClKtrotUti 


ClKtrostJttc 


ClKtrostatiC 


C  73927* 


C  739H* 


Typical  performance 


DOUBLE 
THE 

RESOLUTION 

of  any  known  5"  display  storage  tube 

SOOTV-lines  resolution  per  display  diameter. 


R«fotution  (opobility  of 
C-73959:  800  TV  li< 
por  ditploy  diomotor 
ot  hiflMight  brightnoti 
of  100  footlomborti. 


Latest  addition  to  IlCA’s  big  family  of  display-storage-tube  designs 
is  Developmental  Type  C-73959.  This  tube  with  a  display  diameter  of  3.8" 
is  designed  .specifically  for  high-resolution  performance.  It  pntvides  a 
resolution  of  800  TV-lines  per  display  diameter... approximately  double 
that  of  any  other  known  5"  display  storage  tube.  The  high  re.solution 
together  with  a  writing  .speed  of  only  3000  inches  per  .second  makes  this 
type  ideal  for  such  data-readout  applications  as  narrow-bandwidth  video 
and  high-resolution,  long-range  radar  displays.  At  800  TV-lines  resolution 
the  highlight  brightne.ss  is  100  footlambert.s — a  value  .several  times 
greater  than  the  brightness  of  a  TV-receiver  screen. 


RCA  is  the  world  leader  in  display-storage-tube  development,  with  a  wide 
variety  of  designs  available.  Some  types,  for  instance,  can  provide  displays 
having  high  brilliance,  high  contrast,  and  very  good  half-tone  .shading. 

You  may  choose  types  with  single  or  multiple  writing  guns,  and  with  overall 
or  .selective  erasure.  And  there’s  a  choice  of  either  magnetic  or  electrostatic 
deflection.  Writing  speed  can  be  tailored  to  your  specific  application. 


If  you  are  an  equipment  designer  interested  in  display-tube  applications?, 
get  in  touch  with  your  RCA  Field  Repre.sentative  today  for  full  details. 


)  RADIO  CORPORATION  OF  AMERICA 

9  Electron  Tube  Division  Harrison,  N.  J. 


Another  Way  RCA  Serves  Industry  Through  Electronics 


GOVERNMENT  SALES 


•  DETROIT  2,  MICHIGAN 

714  New  Center  Building,  TRinily  5  5600 

•  NEWARK  2,  N.  J.,  744  Broad  St.,  HUmboldt  5-3900 
e  CHICAGO  54,  ILLINOIS 

Suite  1 154,  Merchandise  Mart  Plaza,  WHitehall  4-2900 
.  LOS  ANGELES  22,  CALIF. 

6355  E.  Woihington  Blvd.,  RAymond  3-8361 


•  HARRISON,  N.  J.,  415  S.  5th  Street,  HUmboldt  5-3900 

*  DAYTON  2,  OHIO,  224  N.  Wilkinson  St.,  BAIdwin  6-2366 

e  WASHINGTON  6,  D  C.,  1625  •'K”  St.,  N.W.,  DUtrict  7-1260 


INDUSTRIAL  PRODUCTS  SALES 


